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A b s t r a c t 
The d i s r u p t i o n of the a l u m i n o s i l i o a t e c r y s t a l l a t t i c e 
by aqueous f l u o r i d e s o l u t i o n s has been s t u d i e d , The 
e f f e c t of r e a c t i o n time, f l u o r i d e c o n c e n t r a t i o n , pH, and 
temperature on the r e a c t i o n have been investigated« 
The s t o i c h i o m e t r i c exchange o f hy d r o x y l s by f l u o r i d e 
ions i n k a o l i n i t e and muscovite at pH 7 belov? was 
extremely doubtful., D i s r u p t i o n of the a l u m i n o s i l l c a t e 
c r y s t a l l a t t i c e was thought t o be the predominant r e a c t i o n 
over the a c i d pH range• F l u o r i d e ions were found t o 
react p r e f e r e n t i a l l y w i t h the aluminium i n the c r y s t a l 
l a t t i c e t o form AlP^^^ e s p e c i a l l y a t the h i g h e r temperature, 
w i t h c o l l a p s e of the c r y s t a l l a t t i o e o I n the presence of 
sodium ions, c r y o l i t e was found as an extraneous s o l i d 
phasSo I n a l l cases over the a c i d pH range, smal l , s p h e r i c a l 
p a r t i c l e s , approximately 3 0 0 - 5 0 0 ^ A o i n diameter, were 
observed i n the r e a c t i o n productSo These c o l l o i d a l p a r t i c l e s 
were thought t o be s i l i c e o u s i n nature and were b e l i e v e d 
t o be formed as an i n t e r m e d i a t e phase i n the d i s r u p t i o n 
processo At pH<7, these p a r t i c l e s r e a c t w i t h f l u o r i d e 
ions t o form SiP^ ^ 7 I n the presence of sodium ions, 
sodium f l u o r o s i l i o a t e was found as a s o l i d phase. Decrease 
i n the r e l a t i v e i n t e n s i t y r a t i o o f the 0 0 1 and 0 0 2 x»ray 
r e f l e c t i o n s of k a o l i n l t e , change i n the i n f r a r e d a b s o r p t i o n 
spectruiDp and also c e r t a i n k i n e t l o phenomena, were 
i n t e r p r e t e d as being due t o an amorphous phaseo 
An u n i d e n t i f i e d , h y d r o x y - f l u o r o - a l u m i n o s i l i o a t e , 
m a t e r i a l was formed d u r i n g the r e a o t i o n between k a o l i n i t e 
and hydrogen f l u o r i d e vapour a t room temperature^ I t was 
shown t h a t m u l l i t e oould be formed from t h i s m a t e r i a l 
a t a temperature as low as 600°C w i t h a AO-JOjJ l o s s i n 
weights 
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INTRODUCTION 
F l u o r i n e i n i t s combined s t a t e c o n s t i t u t e s O.0785& 
of the earth* s c r u s t and i s more abundant than c h l o r i n e 
(0 .055?^)- I t i s the t w e l f t h most abundant element 
i n igneous and metamorphic rocks and i s found dispersed 
i n a v a r i e t y of f l u o r i n e - c o n t a i n i n g minerals such as 
f l u o r s p a r , CaF^, h i e r a t i t e , K2SiF^, and c r y o l i t e , Na^AlP^ 
Perhaps more s i g n i f i c a n t i s the f a c t t h a t f l u o r i n e i s 
ranked t h i r d among the most abundant anions i n igneous 
rocks. I t i s not s u r p r i s i n g t h e r e f o r e , t o f i n d i s o -
morphous replacement of oxygen and hy d r o x y l anions by 
f l u o r i d e anions i n both s i l i c a t e s and a l u m i n o s i l i c a t e s 
as i n chondrodite, Mg^(SiO^)^1 O H , P ) a n d topas, 
Al^SiO^lOH.Fjg. 
P r a c t i c a l l y a l l of the v a r i o u s c l a y m i n e r a l s have 
been a u t h e n t i c a l l y r e p o r t e d i n hydrothermal bodies ( 4 6 ) . 
I n most cases the a l t e r a t i o n product i s a m i x t u r e of 
several c l a y m i n e r a l s , although there are l a r g e hydro-
thermal c l a y m i n e r a l bodies composed e n t i r e l y of s i n g l e 
c l a y m i n e r a l s * I n f o r m a t i o n concerning the composition 
of the hydrothermal s o l u t i o n s i s scanty, although the 
general o p i n i o n i s t h a t the s o l u t i o n s i n i t i a l l y have 
marked a c i d i c p r o p e r t i e s and c o n t a i n d i s s o l v e d f l u o r i n e . 
c h l o r i n e , carbon d i o x i d e , sulphur, and s i l i c a ( 2 2 , 4 6 ) . 
As e a r l y as I 8 6 1 , D e v i l l e ( 6 ) , r e p o r t e d t h a t f l u o r o -
s i l i c i c a c i d had a considerable solvent a c t i o n on alumina 
and china c l a y . During t h i s p e r i o d k a o l i n i s a t i o n was 
considered t o be the products of e i t h e r f l u o r o s i l i c a t e s 
and f l u o r o b o r a t e s or carbonic a c i d a t t a c k i n g the surround-
i n g m i n e r a l s near t o the f i s s u r e s . Attempts t o syn-
t h e s i z e k a o l i n from f e l s p a r , u s i n g gaseous hydrogen 
f l u o r i d e and s o l u t i o n s of h y d r o f l u o r i c a c i d , were made 
by C o l l i n s i n 1886 ( 8 ) . C o l l i n s work was repeated i n 
1936 by Badger and A l l y (9) u s i n g x-ray methods. The 
authors reported t h a t a k a o l i n type m i n e r a l could be 
produced w i t h h y d r o f l u o r i c a c i d a t a h i g h temperature 
and pressure, although carbonic a c i d produced no apparent 
a l t e r a t i o n i n the f e l s p a r . 
A few years e a r l i e r several workers succeeded i n 
demonstrating f a i r l y c o n c l u s i v e l y t h a t c l a y m i n e r a l s as 
w e l l as c l a y s o i l s could e x h i b t anion-exchange r e a c t i o n s 
(14,15,16,17). Nevertheless, since these i n v e s t i g a t i o n s 
t h e r e has been considerable argument as t o whether many 
of the e a r l i e r r e s u l t s observed i n anion-exchange r e a c t i o n s 
can be v a l i d owing t o doubt i n r e l a t i n g the r e a c t i o n 
t o a d s o r p t i o n , anion replacement, or t o the d e s t r u c t i o n 
of the c l a y mineral l a t t i c e . U n f o r t u n a t e l y , the 
experimental work t o date on the anion replacement of 
hydroxyl Ions by f l u o r i d e ions i n v a r i o u s h y d r o x y l i c 
c l a y minerals i s l i m i t e d . 
I n 1 9 4 1 , Dickman and Bray ( 2 8 ) , were able t o demon-
s t r a t e t h a t i t was po s s i b l e t o recover adsorbed phosphate 
on k a o l i n i t e by shaking the c l a y m i n e r a l w i t h a n e u t r a l 
s o l u t i o n of ammonium f l u o r i d e . During the r e a c t i o n ^ 
l a r g e amounts of hyd r o x y l ions were released i n t o s o l u t i o n , 
even at room temperature. A f t e r the i n i t i a l experiments 
of Dickman and Bray, s i m i l a r s t u d i e s were c a r r i e d out 
by Samson ( 33) 1 Romo ( 3 4 ) . Both authors confirmed 
the f i n d i n g s of Diokman and Bray. However, Samson 
a t t r i b u t e d h i s adsorption of f l u o r i n e t o i n i t i a l bonding 
t o the aluminium of the c r y s t a l l a t t i c e , f o l l o w e d by 
breakup of the l a t t i c e by s p l i t t i n g o f f of ( A l P ^ ) 3 - groups, 
whereas, Romo a t t r i b u t e d the release of h y d r o x y l ions 
i n t o s o l u t i o n t o the exchange of l a t t i c e h y d r o x y l s by 
f l u o r i d e anions. The experimental techniques of Romo 
were extended and mod i f i e d by Weiss, Mehler, Koch, and 
Hoffman ( 3 5 ) , and by Romo and Roy ( 3 6 ) , Weiss, et a l . , 
demonstrated t h a t l a r g e amounts of hyd r o x y l ions were 
l i b e r a t e d when the hydrogen i o n c o n c e n t r a t i o n o f the 
n e u t r a l f l u o r i d e s o l u t i o n was increased s l i g h t l y . 
T h e i r conclusions tended t o support the anion-exchange 
r e a c t i o n of the replacement of l a t t i c e h y d r o x y l s by 
f l u o r i d e ions as proposed by Romo. An exchange mech-
anism was proposed by the authors. Romo and Roy, 
however, i n d i c a t e d t h a t new s o l i d phases were produced 
i n reasonable q u a n t i t i e s d u r i n g the r e a c t i o n w i t h the 
l i b e r a t i o n of h y d r o x y l ions i n t o s o l u t i o n . Although 
the authors presented an anion exchange r e a o t i o n s i m i l a r 
t o the r e a c t i o n proposed by Weiss, e t a l . , they also 
introduced a decomposition r e a c t i o n t o e x p l a i n the forma-
t i o n of the new s o l i d phases. U n f o r t u n a t e l y , the 
equation was a h i g h l y I d e a l i s e d summary of the decompos-
i t i o n and d i d not r e a l l y represent the a c t u a l process 
t a k i n g place. 
To summarise, i t would appear from a survey of the 
l l t u r a t u r e t h a t there i s f a i r l y s u b s t a n t i a l evidence 
f o r an extensive and r a p i d t r a n s f e r of f l u o r i d e ions 
from n e u t r a l f l u o r i d e s o l u t i o n s t o the s o l i d phase when 
such s o l u t i o n s are brought i n t o c o n t a c t w i t h most l a y e r 
h y d r o x y l i c a l u m l n o s i l i c a t e s . The qu e s t i o n as t o whether 
the f l u o r i d e Ion replaces the hydroxyls i n the c r y s t a l 
l a t t i c e s t o i c h i o r a e t r i c a l l y or deoompoees the alumino-
s i l i c a t e l a t t i c e s t i l l cannot be answered u n e q u i v o c a l l y . 
T h i s r e s e a r c h p r o j e c t formed p a r t of a g e n e r a l pro-
gramme of work on the chemistry of k a o l i n i t e and a s s o c -
i a t e d a l u m i n o s i l i o a t e s and was undertaken i n an attempt: 
1. to provide, i f p o s s i b l e , supporting evidence f o r the 
replacement of hydroxyl ions by f l u o r i d e i o n s i n h y d r o x y l i c 
a l u m i n o s i l i c a t e s when such m i n e r a l s are t r e a t e d with 
n e u t r a l f l u o r i d e s o l u t i o n s . 
2o to i n v e s t i g a t e the p o s s i b i l i t y of such an exchange 
r e a c t i o n t a k i n g p l a c e i n a c i d f l u o r i d e s o l u t i o n s . 
3. to study the decomposition of both the h y d r o x y l i c and 
non-hydroxylic a l u m i n o s i l i c a t e l a t t i c e i n n e u t r a l and 
a c i d f l u o r i d e s o l u t i o n s . 
4, to i n v e s t i g a t e the nature of the decomposition products 
formed during such r e a c t i o n s . 
D i s s o l u t i o n s t u d i e s were c a r r i e d out on two p h y l l o -
s i l i c a t e s ( k a o l i n i t e and muscovite) and on one t e c t o -
s i l i c a t e ( p o t a s h - f e l s p a r ) . The a l u m i n o s i l i c a t e s were 
suspended i n aqueous s o l u t i o n s of n e u t r a l sodium f l u o r i d e , 
a c i d sodium f l u o r i d e , and h y d r o f l u o r i c a c i d . The 
e f f e c t of hydrogen f l u o r i d e vapour on k a o l i n i t e was a l s o 
I n v e s t i g a t e d . The e f f e c t of f l u o r i d e c o n c e n t r a t i o n , 
pH, and temperature on the d i s s o l u t i o n of the m i n e r a l s 
were i n v e s t i g a t e d . R e a c t i o n s were c a r r i e d out on a 
semi-micro s c a l e u s i n g polypropylene equipment. The 
heterogeneous r e a c t i o n s were terminated a f t e r s u i t a b l e 
i n t e r v a l s of time ranging from 1 hour to 240 hours. 
I n the case of the d i s s o l u t i o n by n e u t r a l sodium f l u o r i d e 
s o l u t i o n s , the r e a c t i o n time ranged from 1 day to 3 months 
VThere p o s s i b l e , chemical a n a l y s e s were c a r r i e d out on 
the f l u o r i d e s o l u t i o n s a f t e r the r e a c t i o n had been term-
i n a t e d . X-ray d i f f r a c t o m e t r y , i n f r a r e d a b s o r p t i o n 
spectroscopy, e l e c t r o n microscopy, and c h e m i c a l a n a l y s i s 
were employed to i n v e s t i g a t e the nature of the s o l i d 
p h a s e ( s ) . 
CHAPTER 1 
DBSCRIPTION AND STRUCTURS OP TRB ALUMINOSILIGATES 
C l a s s i f i c a t i o n • *' — — — • ^ - ^ 
During the past few y e a r s many c l a s s i f i c a t i o n schemes 
f o r c l a y m i n e r a l s have been proposed (47,48,49,50). 
The term ' c l a y * I s used f o r m a t e r i a l t h a t i s the product 
of weathering, hydrothermal a c t i o n , or f o r m a t e r i a l t h a t 
has been "deposited as a sediment. I n geology the c l a y 
grade i s defined by the m a t e r i a l that i s f i n e r than 4 ^ 
on the Wentworth s c a l e (51)- However, i n s o i l s c i e n c e 
the upper l i m i t of the c l a y grade i s 2yw« The g e n e r a l 
tendency i s to pl a c e an upper l i m i t of 2 ^ to the grade, 
s i n c e c l a y m i n e r a l p a r t i c l e s l a r g e r than t h i s tend to 
break down e a s i l y to t h i s s i z e when sl a k e d w i t h water. 
P a r t i c l e s c o a r s e r than the upper c l a y grade l i m i t u s u a l l y 
have a chemical nature d i f f e r e n t from t h a t of the c l a y 
m i n e r a l . M i n e r a l s such as c a l c i t e , q uartz, f e l s p a r , and 
p y r i t e are r e f e r e d to as 'non-clay' m i n e r a l s . G e n e r a l l y , 
the non-clay m i n e r a l s tend to be concentrated i n c l a y 
m a t e r i a l s c o a r s e r than 2yu . However, ther e are m a t e r i a l s 
i n which the non-clay p a r t i c l e s are much f i n e r . 
C l a y m i n e r a l s have been c l a s s i f i e d i n t o two main 
groups based on s t r u c t u r a l a t t r i b u t e s of the c l a y m i n e r a l s 
( 4 6 ) . They are: -
( i ) Amorphous c l a y m i n e r a l s . 
( i i ) C r y s t a l l i n e c l a y m i n e r a l s . 
The amorphous group i s r e l a t i v e l y r a r e and i s of l i t t l e 
importance. The c r y s t a l l i n e group have been d i v i d e d 
i n t o s t r u c t u r a l c a t e g o r i e s which i n c l u d e 
(a) two-sheet l a y e r s t r u c t u r e 
(b) t h r e e - s h e e t l a y e r s t r u c t u r e 
( c ) mixed-sheet l a y e r s t r u c t u r e 
(d) l a y e r - r i b b o n or c h a i n s t r u c t u r e 
a l u m i n o s i l i c a t e s . Each category i s then t r e a t e d s e p a r a t e l y 
on the b a s i s of the population of the o c t a h e d r a l l a y e r 
( d i o c t a h e d r a l , t r i o c t a h e d r a l , e t c . ) and on the s t a b i l i t y 
or i n s t a b i l i t y of the chemical bonding between the l a y e r s 
(expanding and non-expanding c l a y m i n e r a l s ) . Within 
the m i n e r a l groups are i n d i v i d u a l m i n e r a l s ( m i n e r a l 
s p e c i e s ) and t h e i r polymorphic v a r i e t i e s . 
C r y s t a l S t r u c t u r e 
P h v l l o s i l i c a t e C l a s s ; -
1. K a o l i n i t e : - k a o l i n i t e , d i c k i t e . 
and n a c r i t e a r e ' c r y s t a l l i n e c l a y m i n e r a l s belonging to 
the ' K a o l i n i t e Group'. Chemical a n a l y s i s of t h i s group 
conforms r a t h e r c l o s e l y w i t h the i d e a l oxide r a t i o of 
M^Oy.SiO^iR^O i s 1:2:2 (52). Although the s t r u c t u r a l 
formula of k a o l i n i t e i s Al-Si^O-{OH)^, the u n i t c e l l 
2 2 5 4 
i s Al S i 0 (OH) . The atomic s t r u c t u r e of the c l a y 4 4 10 8 
m i n e r a l s has been i n v e s t i g a t e d by numerous workers on 
the b a s i s of the g e n e r a l i s a t i o n of P a u l i n g (53) f o r the 
s t r u c t u r e s of mica and r e l a t e d m i n e r a l s (54,55,56). 
S t r u c t u r a l l y , k a o l i n i t e c o n s i s t s of i n d i v i d u a l l a y e r s 
i n which the s i l i c o n atoms are t e t r a h e d r a l l y surrounded 
by oxygen atoms. Adjacent t e t r a h e d r a are l i n k e d together 
by a common oxygen atom to form a two-dimensional l a y e r 
l a t t i c e ( P I G . 1 ) . Three of the four oxygen atoms i n each 
tetrahedron l i e i n the plane i n which they can p a r t i c i p a t e 
as l i g a n d s , the f o u r t h oxygen atom i s s i t u a t e d above 
t h i s plane and s i m a l t a n e o u s l y belongs to an octahedron 
of oxygen and hydroxyl io n s , the centre of which i s 
occupied by an aluminium atom (54,55)* The e l e c t r i c 
charge d i s t r i b u t i o n i s such t h a t the u n i t c e l l i s e l e c t r i -
c a l l y n e u t r a l (the e l e c t r i c charges w i t h i n the s t r u c t u r a l 
u n i t are b a l a n c e d ) . Kach two-dimensional l a y e r i s 
stacked one above the other i n the o d i r e c t i o n and I s 
OH OH OH OH OH OH 
Al AI Al 
OH 0 
S i Si 
Al 
OH 
S i Si 
\ / \ 
0 0 0 
OH ,0H OH — OH OH 0 
Al Al Al 
S i Si S i S i 
Al 
\ 
0 OH OH 0 OH 
/ \/ \ / \/ \ / 
o 
u 
o 
PI(T«1« The structure of kaolinite showing the stacking of unit 
layers of kaolinite along the b axis, after Brindley and 
Robinson. 
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d i s p l a c e d by - a/3 to give a t r i c l i n i o c r y s t a l s t r u c t u r e e 
2« Muscovite:- the s t r u c t u r e of the micas. I n c l u d i n g the 
composition and polymorphic v a r i a t i o n s , have been st u d i e d 
by P a u l i n g (53) and other workers (5 7,58,59,60) i n con-
s i d e r a b l e d e t a i l , Muscovite I s a d i o c t a h e d r a l m i n e r a l , 
only t w o - t h i r d s of the p o s s i b l e o c t a h e d r a l - p o s i t i o n s 
being f i l l e d . I t s s t r u c t u r a l formula i s K A l 2 ( A l S i ^ O ^ ^ ) ( O H ) ^ 
I n the w e l l c r y s t a l l i n e micas one-fourth of the s i l i c o n 
atoms are replaced s t a t i s t i c a l l y by aluminium atoms, the 
l a y e r s as a r e s u l t of t h i s replacement being n e g a t i v e l y 
charged. These l a y e r s are h e l d together by p o s i t i v e 
lone. The b a s i c stmaotural u n i t i s a l a y e r composed 
of two s l l i o a tetrahedon s h e e t s with a c e n t r a l o c t a h e d r a l 
s h e e t . The t i p s of the t e t r a h e d r o n i n each s i l i c a sheet 
point towards the c e n t r e of the u n i t emd are combined 
with the o c t a h e d r a l sheet I n a s i n g l e l a y e r w i t h s u i t a b l e 
replacement of hydroxyl i o n s by oxygens (46)„ The e l e c -
t r i c a l charge d e f i c i e n c y I s balanced by potassium ions, 
which occupy l a r g e I n t e r s t i c e s between the u n i t l a y e r s , 
such t h a t the potassium ion i s e q u i d i s t a n c e from twelve 
oxygens ( s i x I n each l a y e r ) . The u n i t c e l l of muscovite 
I s I l l u s t r a t e d i n PIG.2. 
Si S i S i S i Si 
Al Al Al Al 
0 OH 0 0 OH 
Si ^ S i y^St S i 
0 0 0 0 
K K 
^ - i S i Si Si 
0 0 OH 
S S i 
0 0 OH .0 
Al Al Al 
, x i \ 
OH p 0. OH 0 p 
1 Si. S i Si . 
\ / \ / \/ \ 
1 
S i 
< 
o 
PIG.2, The structure of muscovite along the b axis, after Brindley 
and HaoEwan. 
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T e o t o s i l i c a t e C l a s s ; -
F e l s p a r : - f e l s p a r s are common i n 
primary rooks and i n c l a y f r a c t i o n s and may form a major 
p a r t of some samples. The f e l s p a r s are d i v i d e d i n t o 
groups on the b a s i s of symmetry; chemical composition 
c l a s s i f y the groups f u r t h e r . B a s i c a l l y , t h e r e are two 
main groups, the ' p l a g i o c l a s e s ' , with composition ranging 
from NaAlSi^Og to CaAl^Si^Og, and the ' a l k a l i f e l s p a r s ' , 
w i t h composition ranging from NaAlSi^O^ to KAlSl^Og. 
A g e n e r a l theory on the s t r u c t u r e of the f e l s p a r s was 
f i r s t suggested by Machatschki ( 6 l ) i n 1928, He proposed 
t h a t the s t r u c t u r e was based on frameworks of l i n k e d 
SiO^ and AlO^ t e t r a h e d r a w i t h the c a t i o n occupying the 
i n t e r s t i c e s ' i n the c r y s t a l l a t t i c e . X-ray s t u d i e s by 
T a y l o r (62) and Chao and T a y l o r (63) supported the sugg-
e s t i o n s of Machatschki. According to T a y l o r , the f e l s p a r s 
are three.-dimensional silicon-oxygen-aluminium networks 
c o n s i s t i n g of SiO^ and AlO^ t e t r a h e d r a l i n k e d t o g e t h e r 
i n t o r i n g s which form continuous l i n k s of kinked c h a i n s 
running v e r t i c a l l y and t r e i n s v e r s e l y throughout the net-
work. PIG.3. r e p r e s e n t s the v e r t i c a l s i l i c o n - o x y g e n 
framework of a f e l s p a r l a t t i c e . The e i l i c o n - o x y g e n -
aluminium framework has a n e g a t i v e charge due to the 
0 .Si 
S i ' 0 
S i 0 
O ^ S l 
FI(r.3* Idealized (vertical) representation of the 
silicon-oxygen framework of a felspar, after 
Evans. 
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replacement of s i l i c o n atoms by aluminium atoms i n the 
t e t r a h e d r a . T h i s negative charge i s balanced by p o s i t i v e 
ions e n t e r i n g i n t o the c a v i t i e s between the c h a i n s . I n 
the case of p o t a s h - f e l s p a r ( o r t h o o l a s e ) , the potassium 
ion b a l a n c e s the e l e c t r i c charge d e f i c i e n c y , the c a t i o n 
being acoommodated i n l a r g e i n t e r s t i c e s i n the c r y s t a l 
l a t t i c e . 
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CHAPTER 2 
PRiSLIMINARY 
2.1. D e s c r i p t i o n of the S e l e c t e d M i n e r a l s 
The m i n e r a l s chosen f o r i n v e s t i g a t i o n were: 
(a) k a o l i n i t e 
(b) muscovite 
( c ) p o t a s h - f e l s p a r 
These m i n e r a l s were s e l e c t e d f o r the f o l l o w i n g r e a s o n s : -
( i ) a l l three m i n e r a l s were r e l a t i v e l y simple 
a l u m i n o s i l i o a t e s having e i t h e r a 1:1 or a 1:3 aluminium 
to s i l i c o n r a t i o . 
( i i ) s e l e c t i o n of t h e s e t h r e e m i n e r a l s enabled a 
study to be made on a 1:1 l a y e r a l u m i n o s i l i c a t e ( k a o l i n i t e ) , 
a 1:2 l a y e r a l u m i n o s i l i c a t e ( m u s c o v i t e ) , and on a t h r e e -
dimensional chain a l u m i n o s i l i c a t e ( f e l s p a r ) . 
( i i i ) two of the t h r e e a l u m i n o s i l i c a t e m i n e r a l s had 
e i t h e r potassium ions or h y d r o x y l groups p r e s e n t i n t h e i r 
c r y s t a l l a t t i c e , but not both. Thus, KAlSi^O. and 
> o 
Al^Si^O^(OH)^. The t h i r d a l u m i n o e i l i c a t e m i n e r a l had 
both potassium ions and h y d r o x y l groups p r e s e n t i n i t s 
c r y s t a l l a t t i c e , KAl^lAlSi^O^^)(OH) 
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( i v ) a l l t h r e e m i n e r a l s had p r e v i o u s l y been i n v e s t -
i g a t e d by s e v e r a l workers d u r i n g t h e i r s t u d i e s on the 
r e a c t i o n between c l a y m i n e r a l s and f l u o r i d e s . 
(v) g e o l o g i c a l l y , the three m i n e r a l s are i n v a r i a b l y 
found a s s o c i a t e d with one another. 
2.2. P h y l l o s i l i c a t e M i n e r a l s S t u d i e d 
(a) K a o l i n i t e ; -
T h i s p a r t i c u l a r sample of k a o l i n i t e 
was s u p p l i e d by E n g l i s h C h i n a C l a y s L e v e r i n g Pochin & Co.^ 
( a . C.L.P. ) , S t . A u s t e l l , C o r n w a l l . The sample (supreme, 
f^O /799) was s t a t e d to be 955& f i n e r than 2 M e . S o d . and 
co n t a i n between 5-^5^ of mica as an impurity.'^There was 
some evidence to suggest t h a t one-half of the mica was 
true mica, while the remainder was so i n t i m a t e l y mixed 
w i t h the k a o l i n i t e as to be i n s e p a r a b l e by o r d i n a r y 
s e p a r a t i o n techniques K l l ) o 
X-ray d i f f r a c t i o n and e l e c t r o n microscopy examination of 
the k a o l i n i t e confirmed t h a t the k a o l i n i t e was a w e l l 
c i ^ s t a l l i n e sample. 
(b) Muscovite: -
A sample of muscovite was s u p p l i e d by 
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C.L.P., and came from the Lee Moor c l a y p i t s at Plymouth, 
Devon. X-ray d i f f r a c t i o n examination I n d i c a t e d t h a t the 
sample was a w e l l c r y s t a l l i n e sample with 15-20^ of 
k a o l i n i t e present as an i m p u r i t y . The l a t t e r was so 
i n t i m a t e l y mixed with the muscovite as to be i n s e p a r a b l e 
by o r d i n a r y s e p a r a t i o n techniques (77)-
2,3, T e o t o s l l l c a t e M i n e r a l s Studied 
P o t a s h - f e l s p a r ( o r t h o o l a s e ) : -
T h i s sample a l s o came from 
the Lee Moor c l a y p i t s at Plymouth, Devon, and was s u p p l i e d 
by E.G.L.P, The sample was an extremely c o a r s e , c r y s t a l -
l i n e m a t e r i a l . Appreciable amounts of a s s o c i a t e d m i n e r a l s 
namely, quartz, mica, and tourmaline,were p r e s e n t as 
i m p u r i t i e s . 
2.4. Sample P r e p a r a t i o n 
(a) K a o l i n i t e : -
Two monolonlc k a o l i n i t e samples were 
prepared as f o l l o w s : 
(1) H - k a o l l n l t e : - was prepared by suspending 30 
grammes of supreme k a o l i n i t e I n a l i t r e of 0.02 N. hydro-
c h l o r i c a c i d and allowed to d e s a t u r a t e f o r two hours. 
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The suspension was f i l t e r e d through a l a r g e Buchner 
fun n e l and then leached w i t h a 0.2 M. s o l u t i o n of barium 
c h l o r i d e i n order to remove both f r e e and exchangeable 
aluminium (and i r o n s a l t s i f p r e s e n t ) ( 7 8 ) • The k a o l i n i t e 
was washed f r e e from barium c h l o r i d e with d i s t i l l e d 
w a t e r , c o n t a i n i n g 0.002 N. h y d r o c h l o r i c a c i d , and then 
f r e e from c h l o r i d e by washing with d i s t i l l e d water. 
The k a o l i n i t e was given a f i n a l washing w i t h the minimum 
of a b s o l u t e a l c o h o l and d r i e d a t 50*^C. 
Although s e v e r a l t e c h n i q u e s are a v a i l a b l e f o r the 
p r e p a r a t i o n of monoionio c l a y s (79, 80, 81, 82, 83,84),the 
d e s a t u r a t i o n and l e a c h i n g treatment advocated by Coleman 
( 8 2 ) , Mathers (83), and Samson (84) was employed f o r the 
p r e p a r a t i o n of the above H - k a o l i n i t e . I t i s s u b s t a n t -
i a l l y imposible to prepare a c l a y i n which a l l the exch-
ange p o s i t i o n s a r e occupied by H*, s i n c e A l ^ moves from 
the l a t t i c e to exchange p o s i t i o n before s a t u r a t i o n w i t h 
becomes complete (79,80). However, i t i s reasonable 
to assume t h a t the k a o l i n i t e i s predominately a H - k a o l i n i t e 
( i i ) N a - k a o l i n i t e : - was prepared by suspending 
approximately I5 grammes of H - k a o l i n i t e i n a 0.02 N. 
s o l u t i o n of h y d r o c h l o r i c a c i d f o r 5 minutes and then 
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f i l t e r e d through a Buchner f u n n e l and lea c h e d w i t h a 
1 M. s o l u t i o n of AnalaR sodium c h l o r i d e c o n t a i n i n g 0 . 0 0 2 N. 
h y d r o c h l o r i c a c i d ( 8 4 ) . The N a - k a o l i n i t e was washed f r e e 
of c h l o r i d e with d i s t i l l e d water and given a f i n a l wash 
with the minimum of absolute a l c o h o l and d r i e d a t 50*^0. 
(b) Muscovite; -
Approximately 20 grammes of musoovite 
were ground i n an agate motor and passed through a 2 0 0 -
mesh s i e v e . Only the muscovite p a r t i c l e s l e s s than 2 0 0 -
mesh were used i n t h i s work. 
( c ) P o t a s h - f e l s p a r : -
The q u a r t z , tourmaline, and mica 
c r y s t a l s were separated from the l a r g e f e l s p a r c r y s t a l s 
by hand-picking. 200-me8h s i z e f e l s p a r p a r t i c l e s were 
obtained by m i l l i n g the hemd-picked c r y s t a l s i n an agate 
mortor and s i e v i n g the powder through a 200-me8h s i e v e . 
2 . 5 . Chemical A n a l y s e s of the M i n e r a l s 
The a n a l y t i c a l f i g u r e s g i v e n i n the t a b l e below are 
from the E.C.L.P. r e s e a r c h l a b o r a t o r i e s a t S t . A u s t e l l , 
C o r n w a l l . The f i g u r e s are expressed i n terms of percent 
oxide. 
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TABLE A 
Chemical A n a l y s e s of the M i n e r a l s 
K a o l i n i t e Muscovite F e l s p a r 
SiOg 46.7 45-7 67oO 
Al^O^ 37-8 32«7 18.0 
CaO ND 0.06 0.05 
Mgp ND 0.80 0.09 
Pe^O^ ? 3.50 0.40 
TiOg ND 0.40 0.08 
NagO ND ND 0-7 
K2O 0.69 9.3 12.4 
L o s s on 
I g n i t i o n 
(1000^0.) 
14,0 5.3 1.0 
T o t a l 99*2 97.8 99o8 
A diagrammatical r e p r e s e n t a t i o n of the percentage 
composition of the above m i n e r a l s i s shown i n PIG.4 
and PIG.5 . 
^ K a o l i n l t e 
§ 
eo 
O 
12,0 
10„0 
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f 
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^ UusooTlte 
100 
FIG«4« Diagrammatioal representation of the % coaiposltlon 
of k a o l l n l t e and niuscovlte from ohemloal analyslso 
K^O a n a l y s i s f o r k a o l i n i t e i n d i c a t e that 6^ of 
ffloseovite i s present as an iinpurityo K 0 a n a l y s i s 
f o r museovite in d i c a t e that 20-21^ of k S o l i n i t e 
i s present ae an impurity. 
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4.0 H 
2.0 
PIG. 5. 
16.0 
14.0 
12.0 
10.0 
h8.0 
CM 
% KAlSi^Og 
Dlagrajmnatloal representation of the % composition 
of f e l s p a r from chemical a n a l y s i s . KgO a n a l y s i s 
Indicate that the f e l s p a r has. 269S. of impurities 
present. Na.O a n a l y s i s suggest that only ^ of 
the impurities i s due to NaAlSi-Og. CaO a n a l y s i s 
indicate that l e s s than ^% of CdAI^Si^OQ i s 
present as an impurity. 
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CHAPTER 3 
A RiSVIBW OP EARLIER WORK 
Although Marggraff i n I764 noted the c o r r o s i o n of 
g l a s s by f l u o r s p a r and s u l p h u r i c a c i d ( 1 ) , i t was Scheele 
i n 1771 who f i r s t r e cognised the e x i s t e n c e of h y d r o f l u o r i c 
a c i d ( 2 ) . B e r z e l i u s i n 1824 reported t h a t alumina nas 
extremely s o l u b l e i n h y d r o f l u o r i c a c i d ( 3 ) . E v a p o r a t i o n 
of the r e s u l t i n g s o l u t i o n to dryness y i e l d e d a b a s i c 
aluminium f l u o r i d e . 
I n I851, Daubree attempted to s y n t h e s i z e ohondrodite, 
Mg^(SiO^)2!OH, P) 2 , by p a s s i n g s i l i c o n t e t r a f l u o r i d e over 
magnesium oxide a t dark-red heat ( 4 ) , Although Daubree 
obtained a f i b r o u s f l u o r i n e - b e a r i n g s i l i c a t e , w ith a 
c l o s e chemical analogy to t h a t of chondrodite, D e v i l l e , 
(6) under s i m i l a r c i r c u m s t a n c e s , reported only the form-
a t i o n of v i t r e o u s or c r y s t a l l i n e s i l i c a t e s w i t h a compos-
i t i o n e n t i r e l y d i f f e r e n t from t h a t of chondrodite. 
D e v i l l e a l s o reported t h a t f l u o r o s l l i c i c a c i d had a 
c o n s i d e r a b l e s o l v e n t a c t i o n on alumina and on c h i n a c l a y 
( 6 ) , forming what he regarded as a s o l u t i o n of hydro-
fluoroalumio a c i d . 
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G i b b s i n I 9 0 4 ( 7 ) , reported t h a t s i l i c a t e m i n e r a l e 
could be more r e a d i l y 'opened' by h y d r o f l u o r i c a c i d i f 
a t r a c e of f l u o r o s i l i o i c a c i d was pr e s e n t . 
I n 1 8 8 6 y C o l l i n e (8) attempted to s y n t h e s i a e a c l a y 
m i n e r a l from a non-clay m i n e r a l u s i n g hydrogen f l u o r i d e 
and s o l u t i o n s of h y d r o f l u o r i c acido I n h i s experiments, 
C o l l i n s passed hydrogen f l u o r i d e vapour over heated 
f e l s p a r ( o r t h o c l a s e ) contained i n a l e a d tube^ The 
f e l s p a r i n a d d i t i o n to being converted i n t o a hydrated 
s i l i c a t e of alumina,and s o l u b l e potassium f l u o r i d e , a l s o 
d e p o sited s i l i c a on the s i d e s of the heated l e a d tuboo 
Chemical a n a l y s i s and o p t i c a l i n v e s t i g a t i o n of the hydrated 
s i l i c a t e of alumina suggested to C o l l i n s t h a t a m i n e r a l 
resembling k a o l i n had been syntheslzedo iibcperlmentB 
with s o l u t i o n s of h y d r o f l u o r i c a c i d a t both o r d i n a r y 
and high temperatures were c a r r i e d out w i t h s i m i l a r r e s u l t S o 
C o l l i n s ' work was repeated I n 1936 by Badger and A l l y (9) 
u s i n g x - r a y d i f f r a c t i o n t e c h n i q u e s to i n v e s t i g a t e the 
nature of the hydrated a l u m l n o s i l l o a t e o According to 
Badger and A l l y , there appeared to be evidence to support 
C o l l i n s views t h a t a 5^ s o l u t i o n of h y d r o f l u o r i c a c i d 
could t r a n s f o r m powdered f e l s p a r i n t o a k a o l i n m i n e r a l , 
although the nature of the k a o l i n m i n e r a l was u n c e r t a i n . 
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The authors c a r r i e d out s i m i l a r experiments w i t h carbonlo 
a c i d a t high temperatures and p r e s s u r e s . T h e i r r e s u l t s 
i n d i c a t e d t h a t no apparent a l t e r a t i o n of the f e l s p a r 
took p l a c e , even at p r e s s u r e s of 1800 I h s . / s q . I n o h . 
Jander and P e t t (10) , l i k e Dauhree, c a r r i e d out a s e r i e s 
of hydrothermal experiments a t high temperatures and 
p r e s s u r e s w i t h magnesium oxide i n an attempt to s y n t h e s i z e 
chondrodite. U n l i k e Daubree, these authors used a mixture 
of magnesium oxide, s i l i c o n d i o x i d e , and aqueous s o l u t i o n s 
of h y d r o f l u o r i c a c i d . Jander and P e t t claimed t h a t a 
minimum of 6^ of f l u o r i n e was n e c e s s a r y f o r the hydro-
thermal s y n t h e s i s of chondrodite. 
Gruner i n 1939 (11 ) , i n d i c a t e d t h a t k a o l l n i t e a s 
w e l l as muscovite (-12) -may be produced when f e l s p a r s 
( m l c r o c l i n e and a l b i t e ) are s u b j e c t e d to high temperatures 
and p r e s s u r e s i n the presence of aluminium hydroxide, 
s i l i c a , ajid potassium c h l o r i d e , i n eui a c i d environment. 
Schwartz and T r a g e s e r (1)) have shown t h a t o r t h o c l a s e 
and a n o r t h i t e , i n the presence of 0.5 N. s o l u t i o n of 
h y d r o c h l o r i c a c i d , could give k a o l i n l t e as an a l t e r a t i o n 
product a t temperatures below 400°C. 
Between 1930 and 1950 s e v e r a l workers demonstrated 
t h a t c l a y m i n e r a l s arid c l a y - s o i l s could e x h i b t anion 
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exchange a s w e l l as c a t i o n exchange (14 , 1 5 , 1 6 , 1 7 ) . 
The study of anion exchange i n c l a y m a t e r i a l s v a s i n i t -
i a t e d w ith the i n v e s t i g a t i o n of the a d s o r p t i o n of phosphate 
by s o i l s (15,18 , 19 ,20) . Such i n v e s t i g a t i o n s l e a d workers 
i n t h i s f i e l d to suspect t h a t the s o l u b i l i t y of c l a y 
m i n e r a l s i s l i k e l y to be c o n s i d e r a b l e , e s p e c i a l l y with 
a c i d s having an anion of approximately the same s i z e 
and geometry as t h a t of the component p a r t s of the c l a y 
m i n e r a l l a t t i c e . Murray (21) has demonstrated t h i s 
point of view by showing t h a t phosphoric a c i d a t t a c k s 
the k a o l i n i t e c r y s t a l l a t t i c e , under c e r t a i n c i r c u m s t a n c e s , 
w i t h g r e a t e r v i g o r than s u l p h u r i c a c i d . 
S i n c e these e a r l i e r i n v e s t i g a t i o n s t h e r e appears to 
be c o n s i d e r a b l e argument as to whether many of the 
experimental r e s u l t s observed i n anion exchange can be 
v a l i d . These arguments a p p a r e n t l y a r i s e due to doubt 
i n r e l a t i n g the r e a c t i o n to ad s o r p t i o n , anion replacement, 
or to the d e s t r u c t i o n of the c l a y m i n e r a l l a t t i c e . 
Although d u r i n g the l a s t decade or so g r e a t i n t e r e s t 
has been concentrated on the p o s s i b i l i t y of s y n t h e s i z i n g 
micas, amphiboles, and r e l a t e d c l a y m i n e r a l s from f l u o r i n e -
c o n t a i n i n g systems (4 , 5 , 1 0 , 2 2 , 2 3,24 , 2 5 ) and to the r o l e 
of f l u o r i d e s a s m i n e r a l i s e r s ( 26 ,27 ) , i t i s unf o r t u n a t e 
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t h a t the experimental work on the emion replacement and 
decomposition of c l a y m i n e r a l s by f l u o r i d e s i s l i m i t e d ^ 
I n 1 9 4 1 j , Diokman and Bray (28) demonstrated q u i t e 
s u c c e s s f u l l y t h a t complete r e c o v e r y of adsorbed phosphate 
on k a o l i n i t e could be accomplished by shaking the k a o l i n i t e 
w i t h a O o l N o n e u t r a l s o l u t i o n of ammonium f l u o r i d e ^ 
Large amounts of hydroxyls were a l s o reported to have 
been r e l e a s e d i n t o s o l u t i o n d u r i n g the reaotiono Such 
evidence suggested to the authors that the f l u o r i d e ion 
may have destroyed the water-phosphate e q u i l i b r i u m and 
forc e d a l l of the phosphate o f f the c l a y and i n t o s o l u t i o n , 
r e g a r d l e s s of the a d s o r p t i v e c a p a c i t y of the c l a y f o r 
phosphateso A s t o i c h i o m e t r i c replacement of hy d r o x y l s 
i n the k a o l i n i t e c r y s t a l l a t t i c e by f l u o r i d e i o n s was 
thought to account f o r the well-marked i n c r e a s e i n the 
a l k a l i n i t y of the ammonium f l u o r i d e solutiono 
Kingery i n I95I (29) was abl e to show t h a t the f l u o r i d e 
ion had the same e f f e c t as the hydroxyl ion on the base-
exchange c a p a c i t y of k a o l i n i t s o E a r l i e r work on the 
d e f l o c c u l a t i o n of k a o l i n i t e suspensions had i n d i c a t e d 
t h a t the d e f l o c c u l a t i o n by hydroxyl ions (and monovalent 
c a t i o n s ) was due to (a) the charge on the k a o l i n i t e 
p a r t i c l e and the type of c a t i o n p r e s e n t and (b) to the 
type of anion adsorbed ( 3 0 )o Consequently^ Kingery 
24 
considered the d e f l o o c u l a t i o n of k a o l l n i t e suspensions 
by f l u o r i d e i o n s as being due to the p r e f e r e n t i a l adsorp-
t i o n of the f l u o r i d e ion on the s u r f a c e of the k a o l i n l t e 
p a r t i c l c o Although the pH of the k a o l l n i t e suspension 
i n c r e a s e d s l i g h t l y with i n c r e a s i n g amounts of f l u o r i d e 
i n the suspension, no evidence f o r replacement of hydroxyla 
i n the k a o l i n i t e l a t t i c e by f l u o r i d e ions was found or 
considered by the authoro 
E a r l i e r I n v e s t i g a t i o n s by Thomas and V a r t i n l a n ( 31 ) , 
Graham and Thomas ( 32 ) , and Dickman and Bray ( 2 8 ) , on the 
r e a c t i v i t y of hydrated alumina towards a c i d s and s a l t s 
of the f l u o r i d e anion. I n i t i a t e d the s t u d i e s of Samson ( 3 3 ) . 
Samson, I n 1952, reported t h a t l a r g e amounts of hydroxyl 
ions were r e l e a s e d i n t o s o l u t i o n when hydrated alumina 
and k a o l i n l t e were e q u i l i b r a t e d w i t h n e u t r a l s o l u t i o n s 
of ammonium f l u o r i d e of v a r y i n g concentrationso A l i q u o t s 
of the p r e v i o u s l y a d j u s t e d n e u t r a l ammonium f l u o r i d e 
s o l u t i o n s ( u s i n g bromo-thymol blue as an i n t e r n a l I n d i c a t o r ) 
were a n a l y s e d a f t e r 5 days f o r hydroxylp f l u o r i d e , ajid 
aluminium contento The hy d r o x y l content was es t i m a t e d 
by t i t r a t i o n with a standard s o l u t i o n of s u l p h u r i c a c i d ; 
f l u o r i d e was determined by the Willard'and Winter's 
s t e a m - d i s t i l l a t i o n method; and aluminium determined 
v o l u m e t r i c a l l y a s the o x i n a t e . The experimental r e s u l t s 
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of Samson showed th a t hydrated alumina possessed the 
h i g h e s t a d s o r p t l v e c a p a c i t y f o r f l u o r i d e Ions, the amount 
adsorbed I n c r e a s i n g as the c o n c e n t r a t i o n of the ammonium 
f l u o r i d e i n s o l u t i o n increasedo K a o l l n l t e showed a 
somewhat s m a l l e r a d s o r p t l v e c a p a c i t y f o r the f l u o r i d e 
i o n o The aluminium c o n c e n t r a t i o n i n s o l u t i o n was reported 
as not exceeding 1^ of the t o t a l aluminium of the c l a y 
mlneralo The a d s o r p t l v e c a p a c i t y of alumina and k a o l i n i t e 
was considered to be dependent on the extent of s u r f a c e 
of exposed Al-OH llnkageSo ThuSp the removal of aluminium 
from the edges of the k a o l i n i t e p l a t e s (and hydrated 
alumina p a r t i c l e s ) would expose more hydroxyl I o n s and 
t h e r e f o r e make a v a i l a b l e a d d i t i o n a l a d s o r p t i o n s i t e s 
f o r f l u o r i d e lonso Although Samson o f f e r e d some evidence 
f o r the s t o i c h i o m e t r i c replacement of h y d r o x y l s i n the 
k a o l i n i t e c r y s t a l l a t t i c e by f l u o r i d e i o n s , ( a s r e p o r t e d 
e a r l i e r by Dlokman and B r a y ^ ^ ) p he was c a r e f u l to p o i n t 
out t h a t Dickman and B r a y ' s r e s u l t s were open to c r i t i c i s m , 
s i n c e the e s t i m a t i o n of f l u o r i d e was c a r r i e d out gravim-
e t r l c a l l y a s l e a d o h l o r o f l u o r i d e (PbClP)e ( T h i s method 
i s not a p p l i c a b l e when aluminium I s present i n s o l u t i o n ) 
He assumed t h a t the aluminium probably e x i s t e d p a r t l y 
as ( A l P ^ ) - ^ " and p a r t l y as (AlOg)^"* I n s o l u t i o n , t h e s e 
groups being produced by the s p l i t t i n g o f f of these 
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anions a f t e r the i n i t i a l bonding of the f l u o r i d e i o n to 
the aluminium of the k a o l i n i t e l a t t i c O o 
Rome i n 1954 (34) i n v e s t i g a t e d the r o l e t h a t l a t t i c e 
h y d r o x y l s played on phosphate f i x a t i o n and the e f f e c t 
of f l u o r i d e i o n s on the s u r f a c e hydroxyls of k a o l i n i t e . 
The hydroxyl content of the k a o l i n i t e a f t e r treatment 
was determined by means of i n f r a r e d a b s o r p t i o n s p e c t r -
oscopy. X-ray powder d i f f r a c t i o n p a t t e r n s i n d i c a t e d 
t h a t the k a o l i n i t e c r y s t a l l a t t i c e had remained the 
same,regardless of f l u o r i n a t i o n , the d-epacings and 
the peeik i n t e n s i t i e s of the d i f f r a c t i o n l i n e s b e ing 
u n a l t e r e d even where 22^ of the l a t t i c e h y d r o x y l s had 
been reported as having been r e p l a c e d by f l u o r i d e i o n s . 
E q u i l i b r i u m experiments by RomOp designed to measure 
the r e l e a s e of hydroxyl i o n s i n k a o l i n i t e s u s p e n s i o n s 
t r e a t e d with v a r i o u s c o n c e n t r a t i o n s of phosphate s o l u t i o n s , 
f a i l e d to show any evidence t h a t supported the e a r l i e r 
f i n d i n g s of Mattson (14),and Stout ( 2 0 ) . (That the 
phosphate f i x i n g c a p a c i t y of k a o l i n i t e was due to the 
replacement of l a t t i c e h y d r o x y l s by phosphate i o n s . ) 
According to Romo the s u r f a c e l a t t i c e h y d r o x y l s of 
k a o l i n i t e oeua only be r e p l a c e d by anions ( s u c h as the 
f l u o r i d e ion) having the f o l l o w i n g c h a r a c t e r i s t i c s : 
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(1) an anion s i m i l a r to the hydroxyl anion i n i o n i c 
s i z e ( 1 . 5 3°Aj. 
(2) an anion able to form st r o n g e r bonds w i t h the 
oc t a h e d r a l aluminium i n the c r y s t a l l a t t i c e . 
(3) an anion w i t h a high hydrogen bonding c a p a c i t y , 
thus being able to hold the l a t t i c e u n i t t o g e t h e r . 
Romo pointed out t h a t s i n c e the number of e l e c t r o n s 
i n the hydroxyl ion and i n the f l u o r i d e i o n are the same, 
i t was reasonable to assume t h a t the i n t e n s i t i e s of the 
d i f f r a c t i o n l i n e s of both pure k a o l i n i t e and f l u o r i n a t e d 
k a o l i n i t e must be the same. 
Two y e a r s l a t e r , Weiss, Mehler, Koch, and Hoffmann 
(35) p u b l i s h e d a paper on the anion exchange c a p a c i t y 
of c l a y m i n e r a l s . S t u d i e s were c a r r i e d out on a wide 
range of c l a y m i n e r a l s { m o n t m o r i l l o n i t e , n o n t r o n i t e , 
k a o l i n i t e , saponite, v e r m i c u l i t e and h a l l o y s i t e ) . I n v e s -
t i g a t i o n of the i n f l u e n c e of r e a c t i o n time, pH, f l u o r i d e 
c o n c e n t r a t i o n and r e v e r s i b i l i t y of the anion exchange 
r e a c t i o n , during the r e a c t i o n between c l a y m i n e r a l s 
and n e u t r a l ammonium f l u o r i d e s o l u t i o n s , were examined 
by the authors. The l i b e r a t i o n of hydroxyl ions ( i n d i -
cated by an i n c r e a s e i n pH of the s o l u t i o n ) was fo l l o w e d 
i n a s i m i l a r manner a s t h a t used by Diokman and Bray ( 2 8 ) , 
Samson (33) and Romo 0^)0 According to Weiss, e t a l . . 
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the amount of hydroxyl l i b e r a t e d was found to be dependent 
upon the pH of the f l u o r i d e s o l u t i o n ^ I t appeared from 
t h e i r r e s u l t s t h a t w i t h i n the pH range of 7-0 to 7.2 a 
s t o i c h i o m e t r i c exchange of h y d r o x y l s by f l u o r i d e Ions 
was l i k e l y . However, as the pH of the s o l u t i o n was 
decreased below pH 7.0 the r e l e a s e of aluminium I n t o 
s o l u t i o n ( a s AlP^^*) i n d i c a t e d a t t a c k on the o l a y l a t t i c s o 
Because the amount of h y d r o x y l s l i b e r a t e d i n t o s o l u t i o n 
depended upon the pH of the f l u o r i d e s o l u t i o n , back-
t l t r a t l o n of the hydroxyls r e l e a s e d was r e p o r ted as being 
extremely d i f f i c u l t . The a uthors were of the o p i n i on 
t h a t an exchange of h y d r o x y l s by f l u o r i d e i o n s could 
only be s t u d i e d i n n e u t r a l f l u o r i d e s o l u t i o n s . I n the 
case of k a o l l n i t e and h a l l o y s l t e , repeated treatment 
with n e u t r a l s o l u t i o n s of ammonium f l u o r i d e s t r o n g e r 
than 1 N., r e s u l t e d i n the complete d e s t r u c t i o n of the 
c r y s t a l l a t t i c e s . The decomposition products were iden-
t i f i e d by e l e c t r o n microscopy emd by x - r a y d i f f r a c t i o n as 
eumnonium f l u o r o a l u m i n a t e , amorphous s i l i c a , and mica 
( p r e v i o u s l y present a s an i m p u r i t y ) . Because o f - t h i s 
decomposition the anion exchange r e a c t i o n was found to 
be i r r e v e r s i b l e f o r k a o l i n l t e and h a l l o y s l t e . I n the 
case of m o n t morlllonlte and the other c l a y m i n e r a l s 
s t u d i e d by Weiss, e t a l . , the anion exchange r e a c t i o n 
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-was found to be r e v e r s l b l e o I t was suggested by the 
authors t h a t the anion exchange r e a c t i o n depended not 
on the diameter of the c l a y p a r t i c l e , but on the p a r t i c l e ' s 
thlcknesso Three s t e p s i n the mechanism of the r e a c t i o n 
were brought forward: 
( I ) the r e a c t i o n I s i n i t i a t e d by the exchange of 
hydroxyls on the prism f a c e s or s u r f a c e s of the c l a y 
l a t t i c e by f l u o r i d e i o n s . 
( I I ) secondly, the h y d r o x y l s on the b a s a l p l a n e s are 
repl a c e d by f l u o r i d e i o n s . 
( I I I ) t h i r d l y and f l n c Q l y , h y d r o x y l s a r e r e l e a s e d from 
the i n t e r i o r of the c r y s t a l w i t h d e s t r u c t i o n of the 
c r y s t a l l a t t i c e . 
The anion exchange r e a c t i o n was summarised by the f o l l o w -
i n g equation: 
kl^Si^O^iOE) ^ X P- = A l g S l ^ q ^ C O H j ^ ^ ^ o P ^ > X OH-
-An attempt to a r r i v e a t a more d e f i n i t e e x p l a n a t i o n 
f o r the exchange r e a c t i o n mas made by Rome and Roy I n 
1957 (36)0 The authors followed the experimental pro-
cedures of e a r l i e r workers (28 , 3 3 , 3 4 , 3 5 ) , t i t r a t i n g the 
ex c e s s a l k a l i n i t y developed when k a o l i n i t e , muscovite, 
and other h y d r o x y l i o c l a y m i n e r a l s were t r e a t e d with 
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n e u t r a l sodium f l u o r i d e s o l u t i o n s of v a r y i n g c o n c e n t r a -
t i o n s with a standard deci-normal h y d r o c h l o r i c a c i d 
s o l u t i o n . Bromo-thymol blue was used as an i n t e r n a l 
i n d i c i a t o r . lixperiments were c a r r i e d out a t room temp-
e r a t u r e and a t 6o°C. The f i n a l products of the r e a c t i o n 
( a f t e r about t h r e e months) were a n a l y s e d f o r f l u o r i d e 
a f t e r s e p a r a t i n g the s o l i d phases from the f l u o r i d e 
s o l u t i o n by c e n t r i f u g i n g . To achieve complete removal 
of f l u o r i d e from the suspensions, the sEunples were washed 
w i t h both d i s t i l l e d water and a b s o l u t e a l c o h o l . W i l l a r d 
and Winter's steam d i s t i l l a t i o n method ( w i t h a s l i g h t 
m o d i f i c a t i o n ) of e s t i m a t i n g f l u o r i d e was used by the 
authors. The v a r i a t i o n i n the hydroxyl content of the 
c l a y m i n e r a l s was followed by i n f r a r e d a b s o r p t i o n s p e c t -
roscopy, u s i n g the pressed KBr d i s c technique. The 
nature of the s o l i d phase a f t e r f l u o r i d e treatment was 
i n v e s t i g a t e d by x - r a y d i f f r a c t i o n methods. According 
to Romo and Roy, the i n c r e a s e of hydroxyl r e l e a s e i n t o 
s o l u t i o n w i t h f l u o r i d e c o n c e n t r a t i o n , would appear to 
be a g a i n s t the 'purely anion exchange' phenomenon s i n c e 
a t e q u i l i b r i u m ( i n the presence of an e x c e s s of f l u o r i d e 
ions) the same f i n a l product should have been a t t a i n e d 
a t any one temperature. T h i s appeared not to be the 
c a s e . However, i t was pointed out t h a t t h r e e months 
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may not have been s u f f i c i e n t l y long enough f o r the r e a c -
t i o n to a t t a i n e q u i l i b r i u m c o n d i t i o n s . X-ray d i f f r a c t i o n 
t e c h n i q u e s r e v e a l e d the presence of c r y o l i t e i n the 
s o l i d phasco The c o n c e n t r a t i o n of t h i s new phase was 
found to vary from a t r a c e up to about IcyjL (measurements 
made on the 2o76'^Ao i n t e n s i t y peak of c r y o l i t e ) and was 
present i n a l l the samples which contained extraneous 
phaseso The c l a y m i n e r a l s themselves were reported to 
show no evidence of decomposition even i n the case where 
one-half of the t o t a l h y d r o x y l s a v a i l a b l e had been r e -
ported to have been r e p l a c e d by f l u o r i d e ionso I t was 
e s t a b l i s h e d by the authors t h a t the amount of hydrox y l 
ion s r e l e a s e d i n t o s o l u t i o n was e q u i v a l e n t to the amount 
of f l u o r i d e ions taken up i n the t o t a l s o l i d phaseo 
Two types of exp l a n a t i o n f o r the r e a c t i o n were expressed 
by Romo and Roy i n a somewhat s i m p l i f i e d forms 
( i ) Anion exchange 
A l 2 S i 2 0 ^ ( 0 H ) ^ * X P- = '^^2^^2^5^ 4-x°^x * ^ 
(11) Decomposition 
^^2^^2^5^^^U * ^ = AlSi20^(0H) + -^1^5^' + 3 OH-
Although the former equation was considered by the authors 
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to be a reasonable view of the a c t u a l r e a o t i o n t a k i n g 
place ( i l l u s t r a t e d by k a o l i n i t e ) , the l a t t e r equation 
was thought to be h i g h l y i d e a l i s e d summary of the decom-
p o s i t i o n reaotiODo I t was mentioned t h a t the e l i m i n a t i o n 
of aluminium from the c r y s t a l l a t t i c e would i n c r e a s e 
the S i / A l r a t i o i n the olay phase and t h e r e f o r e tend to 
develope a 2:1 l a y e r a l u m i n o s i l i c a t e m i n e r a l from a 
1:1 a l u m i n o s i l i o a t e mineralo The m i n e r a l on the r i g h t -
hand-side of the decomposition equation a c t u a l l y c o r r e s -
ponds to p y r o p h y l l i t e o According to the authors pyro-
p h y l l i t e would not appear i n the s o l i d r e s i d u e s i n c e the 
nec e s s a r y a c t i v a t i o n energy was not a v a i l a b l S o The 
i n f l u e n c e of c a t i o n s , adsorbed onto the cleiy m i n e r a l , on 
the r e a c t i o n was thought to be of l i t t l e importanoeo 
U n l i k e Weissp et a l . . Homo and Roy s e r e a l s o of the 
opinion t h a t the morphology^ p a r t i c l e s i a e , and s u r f a c e 
area, must only play a minor r o l e i n the r e a c t i o n o 
I n Japanp S a i t o and S a i t o ( 3 7 ) p u b l i s h e d a paper 
on "The Re a c t i o n of C h r y s o t i l e w i t h Potassium F l u o r i d e " o 
The authors s t u d i e d the r e a o t i o n between c h r y s o t i l e 
( a h y d r o x y l i c m i n e r a l resembling k a o l i n i t e and belonging 
to the s e r p e n t i n e group of m i n e r a l s and having a i d e a l 
s t r u c t u r a l formula of Mg^Si^02^Q(OH)Q) and v a r y i n g concen-
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t r a t i o n s of potassium f l u o r i d e s o l u t i o n s t)etv?een the 
temperatures of 40*^ 0 and 8 0 ° C o I t was r e p o r t e d t h a t 
the c h r y s o t i l e decomposed a t a d e f i n i t e f l u o r i d e concen-
t r a t i o n and temperature range g i v i n g r i s e i n p a r t to 
magnesium f l u o r i d S o The authors were of the opinion 
that the f l u o r i d e ion was h e l d i n a c o - e x i s t i n g s t a t e 
with h y d r o x y l s a t the l a t t i c e p o i n t s i n the c h r y s o t i l e 
c r y s t a l r a t h e r than being h e l d at the l a t t i c e p o i n t s 
i n a mixture of f l u o r o c h r y s o t i l e and h y d r o x y l c h r y s o t i l e * , 
Three y e a r s l a t e r i n 1962^ S a i t o and Ushio ( 3 8 ) 
extended the .the work of S a i t o and S a i t o to the study 
of muscoTiteo N a t u r a l powdered muscovite samples were 
t r e a t e d w ith potassium f l u o r i d e s o l u t i o n s at a temperature 
of 350°C and a t p r e s s u r e s ranging from I 5 0 to 180 
atmosphereso T h e i r r e s u l t s i n d i c a t e d t h a t s o l u t i o n s of 
potassium f l u o r i d e helow a c e r t a i n c o n c e n t r a t i o n (4 N o ) 
produced no decomposition of the muscovite c r y s t a l l a t t i c e 
even a f t e r long periods*, Under such c o n d i t i o n s the 
product obtained was one i n which some 2^^ of the o r i g i n a l 
h y d r o x y l s present i n the musoovite l a t t i c e were 
reported as having been r e p l a c e d by f l u o r i d e ionSo 
Above a 4 N o p and below a 10 N o s o l u t i o n of potassium 
f l u o r i d e , the muscovite underwent p a r t i a l decomposition 
with the formation of potassium f l u o r o s i l i c a t e and potash-
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f e l e p a r o Above a 1 0 No s o l u t i o n of potassium f l u o r i d e , 
decomposition of the musooYite ^ a s oompletej a mixture 
of potassium f l u o r o s i l i c a t O p p o t a s h - f e l s p a r ^ and potassium 
f l u o r o a l u m i n a t e being obtainedo 
Hodgson, Geering and F e l l o w s i n I 9 6 4 ( 3 9 ) i n v e e t i a g t e d 
tbe I n f l u e n c e of the f l u o r i d e i o n on the a d s o r p t i o n of 
c o b a l t by montmorilloniteo T h e i r experiments i n d i c a t e d 
t h a t c o b a l t could be desorbed from m o n t m o r l l l o n l t e with 
anammonium f l u o r i d e solutiono By p r e t r e a t i n g the mont-
m o r i l l o n i t e w i t h ammonium f l u o r i d e and u s i n g r a d i o a c t i v e 
Co^^, the authors were able to demonstrate t h a t such 
pretreatment could reduce the subsequent r e a c t i v i t y of 
the s u r f a c e f o r cobalto A r e v e r s i b l e replacement of 
h y d r o x y l s by f l u o r i d e ions a t the surface, of the mont-
m o r i l l o n i t e was thought h i g h l y probably, thus r e d u c i n g 
the number of bonding s i t e s f o r c o b a l t s 
S i n c e the e a r l i e r work of C o l l i n s ( 8 ) ^ Badger and 
A l l y ( 9 ) p and Jander and P e t t ( 1 0 ) , the use of hydro-
f l u o r i c a c i d as a f l u o r i n a t i n g agent has not been meet 
wi t h i n the l i t e r a t u r e ^ Bergman has, neverthelesSp 
i n v e s t i g a t e d the r e a c t i o n between quartz and d i l u t e 
s o l u t i o n s of h y d r o f l u o r i c a c i d { 4 0 ) « Although the r a t e 
of r e a c t i o n was reported to be g r e a t e r f o r the e a r l i e r 
d i s s o l u t i o n of the q u a rtz than f o r the remaining m a t e r i a l . 
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a l a t e r paper (41) i n d i o a t e d t h a t the d i s s o l u t i o n appeared 
to be e p r e f e r e n t i a l one i n d i r e c t i o n s normal to the 
quartz c r y s t a l p l a n e S o I t must be mentioned, howeverp 
tha t Palmer (42) some t h i r t y y e a r s e a r l i e r had made 
d i s s o l u t i o n s t u d i e s on s i l i c a and d i l u t e h y d r o f l u o r i o 
aoido 7he r a t e of r e a c t i o n was reported as not being 
simply r e l a t e d t o the c o n c e n t r a t i o n of h y d r o f l u o r i o aold, 
but to the c o n c e n t r a t i o n of the f l u o r i d e anion*, Palmer 
assumed t h a t the r o l e of the h y d r o f l u o r i c a c i d was to 
maint a i n the su r f a c e of the s i l i c a covered w i t h a p r o t e c -
t i v e l a y e r of adsorbed s i l i c o n t e t r a f l u o r i d O p which i n 
t u n i was t r a n s p o r t e d i n t o s o l u t i o n as. HSiP^" or S I P ^ ^ " 
a f t e r union w i t h another f l u o r i d e iouo 
I n 1 9 5 7 P Holmes (43) p r e t r e a t e d b a l l - c l a y and c h i n a 
c l a y w ith hydrogen f l u o r i d e vapour w i t h i n the temperature 
range of 1 5 0°C to 650*^Co T h e i r r e s u l t s i n d i c a t e d t h a t the 
' f i r i n g c o n t r a c t i o n * of the c l a y specimens was reduced 
by some 7^ a f t e r being p r e t r e a t e d w i t h hydrogen f l u o r i d e 
vapour and then being f i r e d a t a temperature of llZO^Co 
X-ray d i f f r a c t i o n examination i n d i c a t e d t h a t the pre-
t r e a t e d c h i n a c l a y contained Jf - alumina, whereas, the 
sample of ch i n a c l a y t h a t had not been p r e t r e a t e d w i t h 
hydrogen f l u o r i d e vapour d i d not c o n t a i n J^^aluminao 
F i r i n g of the d i f f e r e n t samples produced m u l l i t e i n both 
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oases, the p r e t r e a t e d samples s t i l l c o n t a i n i n g t r a c e s 
of 'J^-alumina. According to Holmes, the f i r s t exothermic 
peak of the p r e t r e a t e d c h i n a c l a y was reduced to about 
one-quarter of t h a t of the same c h i n a c l a y u n t r e a t e d 
w i t h hydrogen f l u o r i d e vapouFo I t was suggested t h a t the 
r e o r y s t a l l i s a t i o n of the metakaolinite,formed i n the 
breakdown of the k a o l i n i t e i n the c h i n a c l a y , had been 
a f f e c t e d by the pretreatment of the c h i n a o l a y w i t h 
hydrogen f l u o r i d e vapour up to a temperature of 6 5 0 ^ 0 ^ 
According to Holmes the b a l l - c l a y sample gave a d i f f e r e n t 
r e a c t i o n on being p r e t r e a t e d with hydrogen f l u o r i d e 
vapouTo 
I n 1 9 6 2 , B i e n and K e y s e r (44) i n v e s t i g a t e d the a f f e c t s 
of aluminium f l u o r i d e on the thermal behaviour of - k a o l i n i t e * 
I n one s e t of experiments the authors prepared aluminium 
f l u o r i d e by d i s p e r s i n g the k a o l i n i t e i n h y d r o f l u o r i c 
a c i d and then evaporating to dryness a t 1 1 0°Go X-ray 
d i f f r a c t i o n i n v e s t i g a t i o n of the remaining m a t e r i a l 
i n d i c a t e d t h a t the h y d r o f l u o r i c a c i d did not g r e a t l y 
a f f e c t the c r y s t a l s t r u c t u r e of the k a o l i n i t O p although 
a decrease i n the 0 0 1 and 0 0 2 b a s a l r e f l e c t i o n s of 
k a o l i n i t e , ( 7 o 2 ° A o and 5 o 5 8°A., r e s p e c t i v e l y ) p was observed^ 
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E l e c t r o n microscopy o b s e r v a t i o n s were r e p o r t e d to show 
the presence of s m a l l , s p h e r i c a l , p a r t i o l e a d i s p e r s e d 
among the unattacked k a o l i n i t e c r y s t a l s . The amount of 
p a r t i c l e s a p p a r e n t l y i n c r e a s e d with i n c r e a s i n g amounts 
of h y d r o f l u o r i c a c i d used i n the experiments. These 
p a r t i c l e s were thought to be p a r t i c l e s of hydrated alum-
inium f l u o r i d e . { S i m i l a r o b s e r v a t i o n s have been reported 
i n t h i s work.) Ln another s e t of experiments, v a r i o u s 
amounts of hydrated aluminium f l u o r i d e were mixed with 
k a o l i n i t e . The e f f e c t of the aluminium f l u o r i d e ( i n 
both experiments) on the thermal behaviour of the k a o l i n i t e 
was i n v e s t i g a t e d by the a u t h o r s . I t was r e p o r t e d t h a t 
m u l l l t e (an a l u m i n o s i l i o a t e ) oould be obtained from 
k a o X i n i t e a t a temperature as low as 6 0 0 ^ C . ( M u l l l t e 
g e n e r a l l y occurs above a temperature of lOOO^C.) 
Two type of r e a o t l o n e were thought p o s s i b l e . The f i r s t 
r e a c t i o n considered by the authors was the p o s s i b i l i t y 
of a p a r t i a l replacement of l a t t i c e h y d r o x y l s i n . k a o l i n i t e 
by f l u o r i d e Ions with subsequent decomposition of the 
o r y a t a l l a t t l o e and formation of a m u l l i t e phase. The 
second r e a o t i o n considered was the p o s s i b i l i t y of i n i t i a l l y 
f o rming.metakaolinlte from k a o l i n i t e , which i n t u r n 
r e a c t e d w i t h the aluminium f l u o r i d e to y i e l d alumina and 
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s l l i o p n t e t r a f l u o r i d e . The alumina i n t u r n r e a c t e d 
with any unreaoted m e t a k a o l i n i t e to form m u l l i t e o 
The exchange of h y d r o x y l s by f l u o r i d e i o n s as a p o s s i b l e 
e x p l a n a t i o n f o r the formation of m u l l i t e was d i s r e g a r d e d 
f o r the m e t a k a o l i n i t e r e a c t i o n . 
S i m i l a r i n v e s t i g a t i o n were a l s o c a r r i e d out by L o c s e i 
( 4 5 ) i n 1 9 6 3 but a t temperatures ranging from 300*^0 to 
bOO^Oo According to L o c s e i incomplete r e a c t i o n between 
k a o l l n i t e and aluminium f l u o r i d e r e s u l t s i n the formation 
of m u l l i t e and topaze, whereas complete r e a c t i o n g i v e s only 
m u l l i t e * . A new amorphous phase was a l s o reported as 
having been produced a t c e r t a i n s t a g e s of the r e a c t i o n 
a c c o r d i n g to the f o l l o w i n g r e a c t i o n scheme: 
Al^Si^O^tOH)^ • 4 A l F ^ = A l 2 S i 2 0 ^ ( 0 A l P 2 ) 4 4 4 HF 
and 
A l ^ Sl^O^lOH)^ + 4 AlP^ 2 H^O = Al^Si^O^C O^AlgOF^) 2+ 8 HP 
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' CHAPTER 4 
PART«»1 E x p e r i m e n t a l Procedure 
1o P r e p a r a t i o n of Acid F l u o r i d e S o l u t i o n s 
(a) N e u t r a l Sodium F l u o r i d e S o l u t i o n s 
A 0o40 gm,mole/ 
l i t r e s o l u t i o n of sodium f l u o r i d e was prepared by d i l u t i n g 
a O^BO gm^mole/litre of sodium f l u o r i d e (b,11 below) w i t h 
d i s t i l l e d water i n a 1:1 r a t i o ( v / v ) o The f l u o r i d e 
c o n c e n t r a t i o n was checked (t h o r i u m n i t r a t e method) and 
adjusted to the c o r r e c t m o l a r i t y e The pH of the s o l u t i o n 
was brought to 7 o O (narrow range pH papers)o 
(b) Acid Sodium F l u o r i d e S o l u t i o n s : 
(1) A c e t i c a c i d s o l u t i o n s - 1^0 M^ , 0 o 5 Mo, and 
Ool Mo s o l u t i o n s of a c e t i c a c i d were prepared by d i l u t i n g 
g l a c i a l a c e t i c a c i d (AnalaR) w i t h d i s t i l l e d watero 
( i i ) Sodium f l u o r i d e s o l u t i o n s - a Oo80 gmomole/ 
l i t r e s o l u t i o n of sodium f l u o r i d e was prepared by d i s s -
o l v i n g 3 3 o 6 o gffio of AnalaR sodium f l u o r i d e i n d i s t i l l e d 
water and making up to 1 l i t r e o 
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( i l l ) The a c i d sodium f l u o r i d e s o l u t i o n s s - the 
m o l a r i t y of the a c e t i c a c i d s o l u t i o n s prepared above 
( b , l ) were checked a g a i n s t a f r e s h l y prepared standard 
sodium hydroxide s o l u t i o n , u s i n g p h e n o l p h t h a l e i n as an 
in d i c a t o r o The m o l a r i t y of each a c e t i c a c i d s o l u t i o n 
was a d j u s t e d to the r e q u i r e d s t r e n g t h with e i t h e r a c e t i c 
a c i d or d i s t i l l e d water^ The f l u o r i d e c o n c e n t r a t i o n of 
the sodium f l u o r i d e s o l u t i o n prepared above (b,11) was 
a l s o checked (thorium n i t r a t e method) and a d j u s t e d 
accordlnglyo E q u a l volumes of a c e t i c a c i d and sodium 
f l u o r i d e s o l u t i o n s were thoroughly mixed together to 
give three a c i d sodium f l u o r i d e s o l u t i o n s w i t h the follow-
ing c o n c e n t r a t i o n s : 
Acid Sodium F l u o r i d e F l u o r i d e Conoen- M o l a r i t y of 
Solutlono tration« A c e t i c Acid pH 
(g m ^ m o l e / l i t r e o ) ( m o l e / l i t r e ) 
SOLUTION A 0o40 0^50 3e4 
SOLUTION B 0o40 0.25 4^7 
SOLUTION C 0o40 0 o 0 5 5 o 0 
The f l u o r i d e c o n c e n t r a t i o n was checked again a f t e r the 
mixing of the sodium f l u o r i d e s o l u t i o n and the a c e t i c 
a c i d s o l u t i o n s , and adj u s t e d to 0«40 gmomole/lltre i f 
necessaryo The pH of the a c i d f l u o r i d e s o l u t i o n s was 
41 
determined by narrow range pH paperso The above s o l u t i o n s 
w i l l i n f u t u r e be r e f e r r e d to as the ' a c i d sodium f l u o r i d e ' 
s o l u t i o n s ; SOLUTION A, B, and C, i n d i c a t i n g which a c i d 
sodium f l u o r i d e s o l u t i o n has been u s e d o 
( c ) Aqueous H y d r o f l u o r i c A c i d S o l u t i o n s s 
Aqueous s o l u t i o n s 
of h y d r o f l u o r i c a c i d of c o n c e n t r a t i o n ranging from 0 « 4 O 
gmomole/litre to I060 gmomole/litre were prepared by 
d i l u t i n g 403& AnalaR h y d r o f l u o r i c |acid with d i s t i l l e d 
water i n the c o r r e c t p o r t i o n S o The 'fluoride c o n c e n t r a -
t i o n of each s o l u t i o n was determined by the thorium n i t r a t e 
method ( 8 5 p 8 6 ) and a d j u s t e d with e i t h e r a molar s o l u t i o n 
of h y d r o f l u o r i c a c i d or d i s t i l l e d water u n t i l the r e -
quired f l u o r i d e c o n c e n t r a t i o n was obtainedo S i l i c a 
a n a l y s i s , as f l u o r o s i l i o a t e p was a l s o c a r r i e d out on 
the s o l u t i o n s u s i n g the technique d i s c u s s e d l a t e r i n t h i s 
c hapter ( A n a l y t i c a l Techniquesp S e c t i o n - 1 ) o The hydro-
f l u o r i c a c i d s o l u t i o n s were found to be f r e e from s i l i c a ^ 
2 o E x p e r i m e n t a l Procedure 
A c i d d i s s o l u t i o n s t u d i e s s e r e made on 1 0 0 mgo ( - 0 ^ 2 mg) 
samples of three a l u m i n o s i l i c a t e s o The heterogeneous 
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r e a c t i o n s were c a r r i e d out i n 100 mmo x l 6 mm, po l y p r o -
pylenOp round bottom, c e n t r i f u g e tubes of 12 mlo c a p a c i t y . 
10 mlso Ool mlo) of a c i d f l u o r i d e s o l u t i o n were 
introduced i n t o the tubes by means of a c a l i b r a t e d 10 mlo 
polythene p i p e t t e and a rubber ' pumpett'<> The tubes 
were stoppered with polythene caps and the c o n t e n t s 
thoroughly mixedo No attempt was made to m a i n t a i n a 
homogeneous suspension a f t e r the i n i t i a l mixing. R e a c t i o n s 
a t 20°C were c a r r i e d out i n a l a r g e , t h e r m o s t a t l o a l l y 
oontrolledp water batho R e a c t i o n s a t 50^C were c a r r i e d 
out i n an e l e c t r i c oven*, I n each case the temperature 
v a r i a t i o n was only i n the order of t 2*^ 0. 
A l l r e a c t i o n s were terminated by c e n t r i f u g l n g the 
polypropylene tubes and t h e i r c o n t e nts a t 30OO RPM. f o r 
a p e r i o d of 5 minuteso The c l e a r f l u o r i d e s o l u t i o n s 
were c a r e f u l l y decanted o f f i n t o dry, c l e a n , l a b e l l e d , 
polypropylene tube and put to one s i d e f o r f u t u r e chemical 
a n a l y s i s ^ The s o l i d phases were washed f i r s t I n d i s t i l l e d 
—•> 
water, and then i n a b s o l u t e alooholo The samples were 
c e n t r i f u g e d between each washing to ensure t h a t none 
of the s o l i d phases were l o s t w ith the .washing. Eaob 
specimen and o e n t r l f u g e tuba were d r i e d a t 50^0 f o r a 
period of 48 hours I n an e l e c t r i c oven and then reweighedo 
4 3 
Specimens were removed from the polypropylene r e a c t i o n 
tubes ( a f t e r being reweighed) and p l a c e d i n t o s m a l l , 
c l e a n , l a b e l l e d , specimen tubes f o r f u r t h e r d n v e s t i g a t i o n 
a t a l a t e r d a t S o I n these experiments, the alumlno» 
s i l i c a t e s were diges t e d i n a c i d f l u o r i d e s o l u t i o n s f o r 
v a r y i n g p e r i o d s of time, ranging from 1 hour to 240 hours, 
PART-2 A n a l y t i c a l Teohnigues 
S e c t i o n - 1 d e a l s w i t h the c h emical a n a l y s i s of the 
f l u o r i d e s o l u t i o n a f t e r the l i q u i d phase has been sep^ 
a r a t e d from the s o l i d phase by c e n t r i f u g i n g o Seotion-2 
d e a l s w i t h the chemical a n a l y s i s of the s o l i d phase 
where chemical a n a l y s i s of the f l u o r i d e s o l u t i o n I s 
not p o s s i b l e due to I ndeterminate end p o i n t s of the 
thorium n i t r a t e t i t r a t i o n o Such i n v e s t i g a t i o n s were 
c a r r i e d out a f t e r the r e a c t i o n s had been termlnatedo 
SECTIGN-1 
A n a l y s i s of the F l u o r i d e S o l u t i o n 
l o Determination of F l u o r i d e s 
The q u a n t i t a t i v e determin-
a t i o n of f l u o r i d e demands me t i c u l o u s a t t e n t i o n to d e t a i l s 
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i f r e l i a b l e and s a t i s f a c t o r y r e s u l t s a r e to be obtainedo 
F l u o r i d e may be determined i n many ways, each method 
g i v i n g e x c e l l e n t r e s u l t s provided extreme c a r e i s e x e r -
c i s e d and the a n a l y s t i e f a m i l i a r with the r o u t i n e . 
The methods a v a i l a b l e f o r the determination of f l u o r i d e 
are numerous, consequently only a few of these methods 
are mentioned i n t h i s work: 
(a) G r a v i m e t r i c methods:- i n c l u d e the d e t e r m i n a t i o n of 
f l u o r i d e as calcium f l u o r i d e ( 8 6 , 8 7 , 8 8 , 8 9 ) , as l e a d 
c h l o r o f l u o r i d e ( 8 6 , 8 8 , 9 0 , 9 1 ) , and a s t r i p h e n y l t i n f l u o r i d e 
( 9 2 ) 0 
(b) V o l u m e t r i c ( t i t r l m e t r i o ) methods:- i n c l u d e the use 
of thorium n i t r a t e ( 8 5 ^ 8 8 , 9 3 p 9 4 ), zirconium n i t r a t e 
( 8 8 , 9 5 ) , aluminium and f e r r i c s o l u t l o n s ( 8 8 , 9 6 ) a s t i t r a n t s 
The determination of f l u o r i d e by Starok's^method ( a s 
l e a d c h l o r o f l u o r i d e ^ ^ ) has a l s o r e c e i v e d a number of 
v o l u m e t r i c m o d l f l o a t i o n s ( 9 7 p 9 8 » 9 9 » 1 0 0 ) o 
(o) C o l o r l m e t r l c methods:- I n c l u d e the b l e a c h i n g e f f e c t 
of c e r t a i n metal-organic complexes such as A l i z a r i n 
Red-S ( 8 8 , 1 0 1 , 1 0 2 ) , alumlnlum-morin reagent ( 1 0 2 ) , and 
f e r r i c thiooyahate ( 1 0 3 , 1 0 4 ) o Pluorometrlc and neph-
e l o m e t r i c techniques have not been used to any g r e a t 
extent f o r the determination of f l u o r i d e ( 8 8 ) 0 
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(d) Gasometrio methods:- have been used f o r d e t e r m i n i n g 
l a r g e q u a u i t i t i e s of f r e e f l u o r i n o e The methods a v a i l a b l e 
u s u a l l y r e l y upon measuring the amount of brominep c h l o r i n e 
or i o d i n e l i b e r a t e d by the f l u o r i n e gas from the c o r r e s p -
onding sodium s a l t ( 8 8 ) 0 
(e) Other methods:- i n c l u d e the d e t e r m i n a t i o n of f l u o r i d e 
by ion-exchange procedures ( 8 8 , 1 0 2 ) , high frequency 
t i t r a t i o n s ( 1 0 5 ) , spectrophotometrio techniques (U«V, 
I . R , e t c j ( 1 0 6 , 1 0 7 , 1 0 8 ) , B.D.T.A as t i t r a n t (86)p and 
r a d i o c h e m i c a l methods ( 1 0 9 ) * 
The method s e l e c t e d f o r determining f l u o r i d e i n 
s o l u t i o n was based on the thorium n i t r a t e method advocated 
by W i l l a r d and Winters ( 9 3 ) and modified by Armstrong 
( 9 4 ) and Hoskins ( 8 5 ) 0 T h i s method was s e l e c t e d because: 
( 1 } i t i s the most common t i t r i m e t r l c method used 
f o r the determination of both s m a l l and l a r g e amounts 
of f l u o r i d e i n s o l u t i o n . 
( i l ) temperature v a r i a t i o n s do not i n f l u e n c e the pre-
o i s i o n of the t i t r a t i o n 
( i l l ) the t i t r a t i o n can be c a r r i e d out i n an a c i d s o l -
u t i o n (pH cao 3oO)'. 
( I v ) sodium or potassium c a t i o n s does not i n t e r f e r i n 
the t i t r a t i o n . 
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(v) both simple and s o l u b l e complex f l u o r i d e s can 
be t i t r a t e d o 
( v l ) the method i s a f a i r l y r a p i d method. 
Disadvantages of t h i s method are: 
( I ) i o n s which are capable of o x i d i s i n g or complexing 
with the i n d i c a t o r i n t e r f e r i n the t i t r a t i o n ^ However, 
s e p a r a t i o n of the i n t e r f e r i n g i o n s from the f l u o r i d e ions 
meiy be c a r r i e d out by s t e a m - d i s t i l l a t i o n o The v o l a t i l i -
s a t i o n of the f l u o r i d e ion as f l u o r o s i l i c i c a c i d may 
be re t a r d e d i f aluminium s a l t s , g e l a t i n o u s s i l i c a , and 
borio a c i d are present ( 8 8 , 9 3 , 1 1 0 ) o 
( I I ) pH and the a l c o h o l i c content of the s o l u t i o n 
are capable of v a r y i n g the sharpness of the i n d l c a t o r o 
( i l l ) hydrogen ion a c t i v i t y must be c o n t r o l l e d w i t h i n 
narrow l i m i t s (pH 3oO - 3 » 5 ) o 
( i v ) s e m i c o l l o i d a l thorium n i t r a t e may i n t e r f e r when 
l a r g e amounts of f l u o r i d e are being t i t r a t e d o 
Reagents 
lo Thorium n i t r a t e s o l u t i o n ( c a o M / 8 0 ) S -
D i s s o l v e 3*44 gm*. 
of AnalaR thorium n i t r a t e , Th(N0«)404H2O, i n d i s t i l l e d 
water and make up to 5 0 0 m l S o i n ^ a v o l u m e t r i c f l a s k o 
47 
2 o M i g a r l n Red«»>S I n d i c a t o r ; -
Dissolve O0O5 gnio of 
a l i z a r i n red-s i n d i c a t o r (sodium s a l t of d i h y d r o x y -
anthraciuinone sulphonio acid) i n 1 0 0 mls« of d i s t i l l e d 
watero 
Jo B u f f e r s o l u t i o n ; -
4 o 7 2 gnio of monochloroaoetio a c i d 
d i s s o l v e d i n 2 5 mlSo of a 1 No s o l u t i o n of sodium 
hydroxide and then d i l u t e d t o 5 0 mlo w i t h d i s t i l l e d 
watero The pH of t h i s s o l u t i o n i s adjusted t o pH 3oO 
w i t h sodium hydroxide or a c e t i c acido 
4 o Standard sodium f l u o r i d e s o l u t i o n {ca^ M / 2 0 ) ; -
Dissolve 2 o 2 1 1 gmo of AnalaR sodium f l u o r i d e i n 
d ' j . s t i l l e d water and make up t o 1 l i t r e i n a v o l u m e t r i c 
f l a s k o ( 1 mlo of t h i s s o l u t i o n i s e q u i v a l e n t t o 
O0O53 meqoP') 
S t a n d a r d i s a t i o n of the Th(NO^)^ s o l u t i o n 
5 mlSo of the standard sodium f l u o r i d e s o l u t i o n 
prepared above were p i p e t t e d i n t o a transparentp p o l y -
thene b o t t l e c o n t a i n i n g 2 5 ml<, of d i s t i l l e d watero 
1 0 drops of a l i z a r i n red-s i n d i c a t o r were added f o l l o w e d 
by 1 0 mlo of absolute a l c o h o l and the pink c o l o u r Just 
discharged by the a d d i t i o n of one or two drops of d e c i -
normal h y d r o c h l o r i c acido F i n a l l y , 1 mlo of b u f f e r 
s o l u t i o n was added and the s o l u t i o n t i t r a t e d w i t h the 
prepared thorium n i t r a t e s o l u t i o n u n t i l the f i r s t d e f i n i t e 
pink c o l o u r a t i o n persistedo A blank d e t e r m i n a t i o n was 
also c a r r i e d out us i n g 5 mlSo of d i s t i l l e d water i n s t e a d 
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of 5 mlSo of standard f l u o r i d e solution., The standard-
i s a t i o n of the thorium n i t r a t e was c a l c u l a t e d from: 
Test t i t r a t i o n (T) - Blank t i t r a t i o n (B) = 5 x O0O53 meq«P-
or 1 mlo of Th{N03)4o4H20 2 O o 2 6 5 / ( T - B ) meq^P'/mlo 
Test 
1 mlo of the a c i d f l u o r i d e s o l u t i o n ( o b t a i n e d a f t e r 
t e r m i n a t i n g the r e a c t i o n , po42) was p i p e t t e d o f f w i t h 
a 1 mlo polypropylene p i p e t t e and added t o 2 9 mlo of 
d i s t i l l e d water i n a polythene b o t t l e ( t r a n s p a r e n t ) 0 
(A rubber t e a t was used i n c o n j u n c t i o n w i t h the p i p e t t e 
due t o the t o x i c p r o p e r t i e s of the. f l u o r i d e s o l u t i o n s . ) 
10 drops of a l i z a r i n red-s I n d i c a t o r were added and then 
10 ml. of absolute alcoholo A f t e r the a d d i t i o n of 1 mlo 
of b u f f e r s o l u t i o n , the s o l u t i o n was t i t r a t e d w i t h the 
standardised thorium n i t r a t e s o l u t i o n u n t i l the f i r s t 
pink c o l o u r a t i o n j u s t appearedo The f l u o r i d e c o n c e n t r a t i o n 
per m l l l l l i t r e was then c a l c u l a t e d and then m u l t i p l i e d 
by a f a c t o r of ten t o give the t o t a l f l u o r i d e c o n c e n t r a t i o n , 
(The a d d i t i o n of deci-normal h y d r o c h l o r i c a c i d was not 
necessary w i t h the a c i d f l u o r i d e s o l u t i o n s , only w i t h the 
n e u t r a l f l u o r i d e solutlonso Howeverp the pH of the 
s o l u t i o n s were brought w i t h i n the c o r r e c t pH l i m i t s by 
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the a d d i t i o n of the b u f f e r solutiODo) 
Ion i n t e r f e r e n o e 
The t i t r a t i o n of a simple f l u o r i d e s o l u t i o n by t h i s 
method r e l i e s on the f a o t t h a t the f l u o r i d e i o n i s capable 
of r e a c t i n g w i t h the thorium i o n t o produce t h o r i u m 
f l u o r i d e ^ ThP^oH^Op which i s completely i n s o l u b l e i n 
an a l c o h o l i c s o l u t i o n o Once the f l u o r i d e i o n has been 
removed then the thorium i o n i s f r e e ' t o complex w i t h 
the a l i z a r i n red-s i n d i c a t o r , the f i r s t excess of Th 
producing a c h a r a c t e r i s t i c pink c o l o u r change ( a l i z a r i n 
lake) ( 1 1 1 ) 0 There are many i n t e r f e r i n g i ons i n the 
thorium n i t r a t e t i t r a t i o n of f l u o r i d e ^ A l l ions which 
complex or p r e c i p i t a t e t h orium i n a weakly a c i d i c s o l u t i o n ; 
a l l ions which give c o l o u r s w i t h or o x i d i s e the i n d i c a t o r 
(aluminium and f e r r i c i o n s ) 5 and a l l ions which p r e c i p -
i t a t e e a s i l y w i t h f l u o r i d e i n a c i d i c s o l u t i o n ( c a l c i u m 
ions) I n t e r f e r q u i t e s e r i o u s l y ( 8 8 ) 0 
Aluminium ions i n s o l u t i o n were considered as being 
the most l i k e l y i o n t o cause s e r i o u s i n t e r f e r e n c e i n 
the d e t e r a l n a t i o n of f l u o r i d O o I n i t i a l experiments 
I n d i c a t e d t h a t l a r g e q u a n t i t i e s of aluminium i n s o l u t i o n 
as f l u o r o a l u m i n a t e caused i n t e r f e r e n c c o Howeverp small 
5 0 
amountB of f l u o r o a l u m i n a t e oaused very l i t t l e i n t e r f e r e n o e 
d u r i n g the d e t e r m i n a t i o n of f l u o r i d O o Oonsequentlyp 
d u r i n g the study of the d i s s o l u t i o n of k a o l i n l t e a l t h 
h y d r o f l u o r i c aoid s o l u t i o n s , t h e ohange i n f l u o r i d e content 
of the a o i d could not he f o l l o w e d beyond 2 4 hours of the 
r e a c t i o n commenoingp due t o marked increase i n the f l u o r o -
aluminate conoentrationo I n a l l other oases the ohange 
I n f l u o r i d e . . c o n t e n t could be f o l l o w e d d u r i n g the r e a c t i o n s ^ 
2 o Determination of S i l i c a as P l u o r o s i l i o a t e g 
The 
methods a v a i l a b l e f o r the d e t e r m i n a t i o n of f l u o r o s i l i -
oates i n the presence of f l u o r i d e S p such as sodium f l u o r i d e 
and h y d r o f l u o r i c aoidp appear t o be l i m i t e d as w e l l as 
being subjected t o a c e r t a i n amount of disagreement as 
to the r e l i a b i l i t y of the r e s u l t s ^ The c l a s s i c a l method 
of B e r z e l i u s ( 1 1 2 ) p based on th r e e types of s i l i c a separ-
ationp has been found t o be u n s a t i s f a c t o r y f o r small 
amounts of s i l i c a i n the presence of f l u o r i d e s j , phosphates^, 
and cal c i u m s a l t s ( 1 1 3 ) o I n igo^ p Katz ( 1 1 4 ) r e p o r t e d 
the l o s s of t l t r a t a b l e a c i d i t y of h y d r o f l u o r i c a c i d 
upon the a d d i t i o n of a s o l u t i o n of f l u o r o s i l i c i c aoido 
Tanncmaev ( 1 1 5 ) has i n d i c a t e d t h a t s o l u t i o n s of f l u o r o -
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s i l i c i c a c i d are capable of d i s s o l v i n g s i l i c a o Thomson 
( l l 6 ) has given supporting evidence f o r t h i s phenomenono 
One of the f i r s t methods a v a i l a b l e f o r the d e t e r m i n a t i o n 
of f l u o r o s i l i o a t e i n the presence of f l u o r i d e s r e l i e d 
on the n e u t r a l i s a t i o n of any f r e e h y d r o f l u o r i c a c i d 
under c o n d i t i o n s t h a t prevented the h y d r o l y s i s of the 
f l u o r o s i l i o i o acidp and then subsequently h y d r o l y s i n g 
the f l u o r o s i l i o i c a c i d and t i t r a t i n g the l i b e r a t e d hydro-
f l u o r i c a c i d ( 1 1 7 0 l l 8 ) o M o d i f i c a t i o n s of B e r z e l i u s ' s 
method ( 1 1 2 ) have been c a r r i e d out f a i r l y s u c c e s s f u l l y 
by s e v e r a l workers ( 1 1 9 ^ 1 2 0 ) o Cade ( 1 2 1 ) has proposed 
a method i n which the h y d r o f l u o r i c a c i d i s evaporated 
away i n the presence of sodium chloridCp any remaining 
sodium hydrogen f l u o r i d e being converted i n t o f l u o r o -
b o r l c a c i d w i t h a s o l u t i o n of b o r i c acido The f l u o r o -
s i l i o i c a c i d i s f i n a l l y converted i n t o the y e l l o w s i l i o o 
molybdio.acid and the c o l o u r i n t e n s i t y measured o o l o r i m -
e t r i c a l l y a s . f i r s t described by J o l l e s and Neurath ( 1 2 2 ) 
This method has been m o d i f i e d by Dobkina ( 1 2 3 ) ^ Brabsonp 
MattraWp Maxwell and Needham (124) p Jewsbury ( 1 2 5 ) p and 
Harelp Herman and Jalmi ( 1 2 6 ) ^ although the method of 
Harel e t alop has been r e p o r t e d t o lack the p r e c i s i o n 
u s u a l l y r e q u i r e d by the a n a l y s t s 
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The method advocated by Jewsbury (125)p f o r the d e t e r -
m i n a t i o n of s i l i c a as f l u o r o s l l l c a t e i n the presence 
of f l u o r i d e , was selected f o r t h i s worko I n t e r f e r e n c e 
from the f l u o r i d e Ion was prevented by the a d d i t i o n of 
b o r i c acido The s i l l o o m o l y b d i c aoid complex was developed 
by the a d d i t i o n of n i t r i c a c i d and ammonium molybdate 
sol u t l o n s o A f t e r the c o l o u r of the complex had developed 
to i t s f u l l i n t e n s i t y , the s o l u t i o n ' s o p t i c a l d e n s i t y 
was measured using an absorptiometero 
Reagents 
l o B o r i c a c i d s o l u t i o n ; -
D i s solve 10 gmo of AnalaR 
b o r i c a c i d i n d i s t i l l e d water and make up t o 100 m l o 
The s o l u t i o n should be kept a t a temperature of 50°C<, 
2o Ammonium molybdate s o l u t i o n s -
Dissolve 10 gmo of 
AnalaR ammonium molybdate, (NH^)2MoO., i n d i s t i l l e d 
water and make up t o 100 m l o Sxore the s o l u t i o n a t 
room temperature and i n a polythene b o t t l e o T h i s s o l -
u t i o n w i l l l a s t f o r approximately one montho 
Jo N i t r i c a c i d solutiong» 
D i l u t e concentrated n i t r i c 
a c i d w i t h d i s t i l l e d water i n the r a t i o 3s10 r e s p e c t i v e l y o 
This d i l u t i o n w i l l give approximately a 5 No s o l u t i o n o 
4 o Standard s i l i c a s o l u t i o n s -
A standard s i l i c a t e 
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s o l u t i o n i s u s u a l l y prepared by d i l u t i n g a weighed amount 
of sodium s i l i c a t e of known s i l i c a content and c a r r y i n g 
out a c a l i b r a t i o n of an absorptlometer w i t h these s o l u t i o n s 
20 mgo of h i g h p u r i t y chromatographic s i l i c a which had 
been d r i e d a t 'pO^Q'for 1 month before, use (weighed t o 
the nearest O d mgo and c o r r e c t e d f o r l o s s of water on 
i g n i t i o n ) were fused w i t h loO gmo of AnalaR sodium hydro-
x i d e p e l l e t s i n a n i c k e l crucible*, When a c r u s t appeared 
on the surface of the c o o l i n g fused masSp the c r u c i b l e 
was r a p i d l y cooled by p a r t l y immersing i t i n t o a trough 
of c o l d watero The c r u c i b l e and i t s contents were then 
placed i n a n i c k e l beaker emd the s o l i d d i s s o l v e d out 
w i t h 3-5 mlo p o r t i o n s of b o i l i n g d i s t i l l e d water* The 
s o l u t i o n was f i n a l l y made up t o 250 mlo i n a v o l u m e t r i c 
f l a s k a f t e r n e u t r a l i s i n g any excess a l k a l i w i t h the 
minimum of n i t r i c aoldo 
1 m l o of t h i s s o l u t i o n was e q u i v a l e n t t o 0 o 0 8 mge S i 0 2 o 
C a l i b r a t i o n of the Absorptiometer 
Known volumes of the standard s i l i c a s o l u t i o n prepared 
above (Oo5, l o O , 2 o 0 p JoO, 4 o 0 p and 5oO m l o ) were added 
t o s i x d i f f e r e n t 12 m l o polypropylene tubes c o n t a i n i n g 
a m i x t u r e of 2 m l o of b o r i c a c i d and 1 m l o o f n i t r i c 
acido A f t e r mixing, 2 m l o of ammonium molybdate were 
added and the s o l u t i o n t r a n s f e r e d t o a 10 ml© measuring 
c y l i n d e r where i t was made up t o the 10 ml* mark w i t h 
d i s t i l l e d watero The c o l o u r I n t e n s i t y ( o p t i c a l d e n s i t y ) 
of the y e l l o w s i l l o o m o l y b d i c a c i d complex was measured 
on an B e l absorptlometer ( P a r t - 3 of t h i s chapter) j,u8ing 
a 430yumlcron (6oi) o p t i c a l f i l t e r and 10 cmo3,oupfep 
a t 5 minute inteinyals up t o 6o mlnuteso A blank s o l u t i o n 
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was prepared i n a s i m i l a r manner but w i t h o u t the a d d i t i o n 
of the s i l i c a s o l u t i o n o I t was found t h a t a water blank 
was j u s t as s a t i s f a o t o r y o A c a l i b r a t i o n graph of the 
l o g a r i t h m of the percent t r a n s m i s s i o n ( o p t i c a l d e n s i t y ) 
(abscissa) and s i l i c a c o n c e n t r a t i o n ( o r d i n a t e s ) was 
drawn upo I t was found t h a t the colo u r developed t o 
i t s f u l l i n t e n s i t y w i t h i n 15 minutes and then remained 
constant f o r the next 45 minutes^ The absorptiometer 
was also c a l i b r a t e d f o r s i l i c a s o l u t i o n s g r e a t e r than 
0 o 4 0 mgo/lO mlo and was found t o obey the Beer<»Lambert 
r e l a t i o n s h i p up t o a c o n c e n t r a t i o n of l o 4 m g o S l p ^ / l O ml^ 
This method was able t o d e t e c t O o O l mgo S i 0 2 / l O mlo 
Test 
2 mlo of the f l u o r i d e e o l u t l o n p ( o b t a i n e d a f t e r term-
i n a t i n g the reactionp P o 4 2 ) p were p i p e t t e d o f f w i t h a 
2 mle polypropylene p i p e t t e and blown i n t o a 12 ml« 
polypropylene tubOo To the t e s t s o l u t i o n were added 
2 mlo of b o r i c a c i d and 1 mlo of n i t r i c a o i d ^ l n t h a t 
order, and the s o l u t i o n mixedo Onoe the f l u o r o b o r a t e 
complex had been produced the s o l u t i o n was t r a n s f e r e d 
t o a 10 mlo measuring c y l i n d e r w i t h o u t r i s k o f the f l u o r i d e 
a t t a c k i n g the g l a s S p and 2 mlo of ammonium molybdate 
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added. P i n a l l y , the s o l u t i o n was made up t o the 10 ml« 
mark w i t h d i s t i l l e d water and the colo u r i n t e n s i t y 
( o p t i c a l d e n s i t y ) measured a f t e r 15-20 minutes u s i n g a 
430y«Amioron o p t i c a l f i l t e r , and a 10 cm«^ cupo A water 
blank was used t o set the absorptiometer a t eero. The 
c o n c e n t r a t i o n of s l l i o a as f l u o r o s i l i o a t e was e a s i l y 
determined from the c a l i b r a t i o n graph. The f i n a l concen-
t r a t i o n i n the t o t a l f l u o r i d e s o l u t i o n was obtained by 
m u l t i p l y i n g the determined c o n c e n t r a t i o n by a f a c t o r of 5. 
I t was found more convenient t o express the s l l i o a content 
as e i t h e r sodium f l u o r o s i l l c a t e or as f l u o r o s l l i c l o a c i d 
(mg./lO mlft) . Thus, 
Na^SlP^ c o n c e n t r a t i o n i n s o l u t i o n = T o t a l SIO- x I 8 8 . O / 6 0 
^ ^ (mg./lO mlo) 2 
and 
H^SlFi; c o n c e n t r a t i o n i n s o l u t i o n = T o t a l S10« x 144»0/6o 
2 ^ (mg./lO m l j 2 
3o Determination of Potassium: 
The c l a s s i c a l method 
f o r the d e t e r m i n a t i o n of potassium (127) and oth e r a l k a l i 
metals i s a l e n g t h y and t e d i o u s procedure, t a k i n g I n 
some Instances two, or t h r e e , days f o r one d e t e r m i n a t i o n . 
The d e t e r m i n a t i o n of potassium by flame photometry has 
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found wide a p p l i c a t i o n i n the a n a l y s i s of s i l i c a t e 
m i n e r a l s ( 1 2 8 , 1 2 9 , 1 3 0 ) and was perhaps f i r s t used f o r 
the de t e r m i n a t i o n of a l k a l i m etals i n p o r t l a n d oement by 
F r i t c h a r d i n 1 9 4 8 ( I 3 I ) o 
Reagents 
l o Standard potassium s o l u t i o n ; -
D i s s o l v e I 0 9 0 9 0 gffio 
of AnalaR potassium c h l o r i d e i n d i s t i l l e d water and make 
up to 1 l i t r e i n a v o l u m e t r i c f l a s k s Store i n a polythene 
bottleo ^ ^ 
1 m l o of t h i s s o l u t i o n i s e q u i v a l e n t to 1 mgoK ( 1 0 ^ / . * g o ) 
S t a n d a r d i s a t i o n of the Flame Photometer 
The standard potassium c h l o r i d e s o l u t i o n was d i l u t e d 
to give s o l u t i o n s having potassium c o n c e n t r a t i o n s ranging 
from 4 o 0 ^ g o / m l o to 2 0 « 0 y < j g „ / m l o A f t e r e n s u r i n g t h a t the 
• s e n s i t i v i t y ' c o n t r o l on the instrument ( E e l flame photometer 
Mark I I ) was s e t a t a minimum s e n s i t i v i t y and t h a t the 
appropriate o p t i c a l f i l t e r had been i n s e r t e d , the instrument 
was switched one The gas was l i t and the a i r supply from 
the compressor pump adj u s t e d to 1 0 lbs«/sqoincho The 
gas c o n t r o l was r e g u l a t e d u n t i l a s i n g l e , l a r g e , c e n t r a l 
blue cone was v i s i b l C o D i s t i l l e d water was plac e d i n the 
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sample recess and the gas c o n t r o l s l o w l y closed u n t i l 
t en separate blue cones formed, thus ensuring t h a t a 
flame of u n i f o r m c h a r a c t e r i s t i c s was produced. The 
d i s t i l l e d water sample was replaced by the s t r o n g e s t 
potassium s o l u t i o n prepared above and the s e n s i t i v i t y 
c o n t r o l a d j u s t e d u n t i l a f u l l * s c a l e d e f l e c t i o n was obtained 
(100)0 The galvanometer was set t o zero by means of 
the * zero' c o n t r o l u s i n g the d i s t i l l e d water sample. The 
standard potassium s o l u t i o n was then replaced and the 
s e n s i t i v i t y c o n t r o l a d j u s t e d u n t i l the galvanometer read 
e x a c t l y 100. Both the zero and the set c o n t r o l readings 
could be checked a t any time. Between each sample the 
instrument was brought t o zero w i t h d i s t i l l e d water, thus 
ensuring t h a t the atomizer and chemiber were f r e e from 
r e s i d u a l potassium. Since the galvanometer scale was 
l i n e a r and the reading produced was known t o be p r o p o r t -
i o n a l t o the e l e c t r i c c u r r e n t generated i n the photo-
e l e c t r i c c e l l , the galvanometer reading (abscissa) was 
p l o t t e d a g a i n s t the potassium c o n c e n t r a t i o n ( o r d i n a t e s ) 
expressed as m i l l i e q u i v a l e n t s per 10 ml. of s o l u t i o n . 
A l i n e a r r e l a t i o n s h i p was found t o be v a l i d . 
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Test 
The f l u o r i d e s o l u t i o n was t r a n s f e r e d from the po l y -
thene tube i n t o a small polythene beaker and i n s e r t e d 
i n t o the sample recess. When the potassium c o n c e n t r a t i o n 
i n the f l u o r i d e s o l u t i o n was i n excess of t h a t employed 
to set the f u l l - s c a l e d e f l e c t i o n (100) of the flame 
photometer, the Instrument had t o be re-aet t o a new 
f u l l - s c a l e d e f l e c t i o n (50 or 25). c o n c e n t r a t i o n of 
potassium was e a s i l y evaluated from the s t a n d a r d i s a t i o n 
graph, remembering t h a t t h i s reading represented the 
t o t a l c o n c e n t r a t i o n of potassium i n s o l u t i o n (10 m l o ) . 
I o n I n t e r f e r e n c e 
I t appears t h a t s u l p h u r i c , h y d r o c h l o r i c , and phos-
phoric acids cause the g r e a t e s t e r r o r s i n the d e t e r m i n a t i o n 
of potassium by flame photometry (131)0 The oxalate 
anion a l s o depresses the potassium c o n c e n t r a t i o n (132)0 
C o l l i n s (133) has made a study of anion i n t e r f e r e n c e 
i n the d e t e r m i n a t i o n o f small q u a n t i t i e s of a l k a l i metals. 
Aooordlng t o C o l l i n s and se v e r a l other workers (134,135) 
there i s a marked quenching of the emmited r a d i a t i o n 
of s e v e r a l elements by aluminium, i n c l u d i n g sodium (I36) 
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but not potassiufflo Sodium ions w i l l , however, depress 
the potassium c o n c e n t r a t i o n i n s o l u t i o n when present 
i n l a r g e amountSo 
I n t h i s work i n t e r f e r e n c e from sodium and f l u o r i d e 
ions d i d not appear to i n f l u e n c e the emmited r a d i a t i o n 
f o r the d e t e r m i n a t i o n of potaseiumo Where the potassium 
c o n c e n t r a t i o n was determined i n the presence of l a r g e 
amounts of sodium ions (as i n the use of a c i d sodium 
f l u o r i d e s o l u t i o n s ) a s i m i l a r c o n c e n t r a t i o n o f sodium 
ions was introduced i n t o the standard potassium s o l u t i o n ^ 
SBCTION-2 
An a l y s i s of the S o l i d Phase 
"lo Fusion of the S o l i d ; 
Because of the i n t e r f e r e n o e o f 
the f l u o r o a l u m i n a t e anion i n the thorium n i t r a t e t i t r a t i o n 
f o r f l u o r i d e , w h e n present I n l a r g e amounts, i t was thought 
t h a t i n a d d i t i o n t o physlcochemical i n v e e t i g a t i o n e of the 
s o l i d phase, chemical a n a l y s i s may y i e l d a d d i t i o n a l 
i n f o r m a t i o n as to the type of mechanism i n v o l v e d i n the 
d i s s o l u t i o n r e a c t i o n ^ 
Although the f u s i o n of s i l i c a t e s w i t h anhydrous 
sodium carbonate i s a standard procedure (36,86,93,137) 
6o 
the method of the Russian o h e m l s t B S o h a r f e t e l n and Dla-
konenko ( I 3 8 ) was used i n t h i s worko This method was 
l a t e r used i n t h i s country by Cashmere and Cowling ( 1 3 9 ) 0 
Baelcallyp the s i l i c a t e m i n e r a l i s fused w i t h p e l l e t s 
of sodium hydroxide and e x t r a c t e d w i t h b o i l i n g water, 
which on c o o l i n g i s a c i d i f i e d w i t h h y d r o c h l o r i c o r n i t r i c 
acldo 
Method 
A 4 o 5 X 4 o 5 omo n i c k e l c r u c i b l e was heated t o red 
heat w i t h a Meker burner and maintained a t t h i s tempera-
t u r e (lOOO^C) f o r at l e a s t 5 minuteso On c o o l i n g t o 
room temperature i n a d u s t - f r e e enclosure, the c r u c i b l e 
was t r a n s f e r e d t o a d e s i c c a t o r and i n t r o d u c e d i n t o the 
balance roomo A f t e r 3 0 minutes, the c r u c i b l e was removed 
from the d e s i c c a t o r and t r a n s f e r e d i n t o a micro-balance 
caseo Before c a r r y i n g out t h i s o p e r a t i o n , both the 
chromium-plated forceps (used i n h a n d l i n g the c r u c i b l e ) , 
and the c r u c i b l e i t s e l f were wiped f i r s t w i t h a wet and 
then a d r y chamois leather© The c r u c i b l e was weighed 
some 1 5 - 2 0 minutes l a t e r u s i n g a s i m i l a r i l y t r e a t e d 
n i c k e l c r u c i b l e i n order t o minimise buoyancy e f f e o t S o 
Between 1 0 = 1 5 nigo of s o l i d m a t e r i a l ( s i l i c a t e ) , which 
had also been kept a t the temperature of the balance room, 
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were i n t r o d u c e d i n t o the n i c k e l c r u c i b l e and the exact 
weight of the c r u c i b l e and i t s contents recorded some 
20 minutes l a t e r (weighings t o the nearest lyug) * I n 
order t o prevent excessive moisture from the hands a l t e r i n g 
the h u m i d i t y w i t h i n the micro-balance case, rubber gloves 
were worn throughout the weighing proceduresb A f t e r 
removing the c r u c i b l e and i t s contents from the m i c r o -
balEmce casSp l o O gmo of AnalaR sodium hydroxide p e l l e t s 
were c a r e f u l l y introduced i n t o the n i c k e l c r u c i b l e and 
covered w i t h a c r u c i b l e l i d o Gentle heat was a p p l i e d 
i n order t o e x p e l l any r e s i d u a l moisture and the co n t e n t s 
l e f t t o c o o l u n t i l the sodium hydroxide had j u s t s o l i d i f i e d , 
I n order t o prevent s p i t t i n g d u r i n g the f u s i o n , one or 
two drops of absolute a l c o h o l were added and allowed t o 
evaporatee The c r u c i b l e was then reheated t o d u l l - r e d 
heat u n t i l a l l of the s o l i d had reacted (between 2-5 
minutes)o At the f i r s t appearance of a c r u s t on the 
surface of the c o o l i n g mass, the p r u o i b l e was r a p i d l y 
cooled by emmersing i t i n t o ooldp d i s t i l l e d w a t e r o The 
c r u c i b l e was placed i n t o a n i c k e l beaker and 2-3 m l o 
p o r t i o n s o f b o i l i n g d i s t i l l e d water poured c a r e f u l l y 
i n t o the c r u c i b l e u n t i l a l l of the s o l i d mass had been 
extractedo Both the tongs and the c r u c i b l e l i d were 
washed i n s i m i l a r p o r t i o n s of d i s t i l l e d water© 2 m l o of 
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concentrated n i t r i c a c i d were c a u t i o u s l y added, w i t h 
s w i r l i n g p t o the watery e x t r a c t and f i n a l l y made up t o 
25 m l o i n a v o l u m e t r i c f l a s k w i t h d i s t i l l e d water { a f t e r 
the s o l u t i o n had cooled t o room temperature) o Bach 
sample s e l e c t e d f o r a n a l y s i s was t r e a t e d i n e x a c t l y the 
same manner as o u t l i n e d abovep the 25 m l o s o l u t i o n i n 
each case forming the stock s o l u t i o n f o r the d e t e n n i n a t l o n 
of alumlnlump s i l i c o n , and f l u o r i d e i f presento 
2o Determination of Aluminium 
Several methods f o r the d e t e r m i n a t i o n of aluminium 
are a v a i l a b l e , i n c l u d i n g the d e t e r m i n a t i o n of aluminium 
as i t s hydrated oxide, phosphate, and as i t s basic acetate 
(87)0 The metal may also be determined c o l o r i m e t r l o a l l y 
u s i n g 8-hydroxyquincline (102,140), or py r o c a t e c h o l 
v i o l e t (141) as r e a g e n t S o Several c h e l a t o m e t r i c t i t r a -
t i o n s ha.ve been used, i n c l u d i n g the use of barium-Bo Do To A. 
(142), and 1,2»diaminocyclohexanetetraaoetio a c i d w i t h 
lead n i t r a t e (143)6 Aluminium i s q u a n t i t a t i v e l y p r e c i p -
i t a t e d by 8-hydroxyquinollne from a s o l u t i o n of a c e t i c 
acidp b u f f e r e d w i t h a c e t a t e , or from a ammonical s o l u t i o n o 
Small amounts of aluminium may be determined f l u o r i m e t r l -
c a l l y by the use of t h i s reagent (8-hydroxyqulnollne) (144), 
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or the ox l n a t e oan be weighed as suoh or even i g n i t e d 
t o aluminium oxide ( 1 4 0 ^ , 1 4 ^ ) o 
I n t h i s work aluminium was determined as aluminium 
oxinate ( g r a v i m e t r i o ) on a mioro-soale ( 1 4 5 ) « The advan-
tages of u s i n g 8 - h y d r o x y q u i n o l i n e t o complex the aluminium 
as the oxinate weres 
( i ) the p r e o i p i t a t e i s o r y e t a l l i n e and e a s i l y f i l t e r e d ^ 
( i i ) the p r e o i p i t a t e can be r e a d i l y d r i e d , the temperature 
range reoommended being between 1 0 2 ° and 2 2 0 * ^ 0 . ( 1 2 7 ) o 
( i i i ) the aluminium i s p r e c i p i t a t e d q u a n t i t a t i v e l y by 
8 - h y d r o x y q u i n c l i n e between pH 4 o 2 and pH 9 o 2 o 
( i v ) t h ere i s l i t t l e a d s o r p t i o n of other ions by the 
aluminium oxinate p r e c i p i t a t e o 
(v) aluminium i s s t i l l p r e c i p i t a t e d q u a n t i t a t i v e l y 
as the o x i n a t e even when the alumina t o s i l i c a r a t i o 
i s as h i g h as l g 2 0 ( 1 4 6 ) » 
The main disadvantage of t h i s method i s t h a t the aluminium 
oxinate p r e c i p i t a t e tends t o r e t a i n the reagent^ thus 
l e a d i n g t o high reooverieso 
Reagents 
l o Oxlne s o l u t i o n s -
Dissolve 1 0 gmo of AnalaR 8=hydroxy-
q u i n o l i n e i n 1 0 0 mlo of 2(yf> a c e t i c a c i d s o l u t i o n (prepared 
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from g l a o i a l a o e t l o acid)o 
2o Ammonium aoetate s o l u t i o n g -
D i l u t e 5 7 mlSo of g l a o i a l 
a o e t i c a c i d t o 1 7 0 mlo w i t h d l a t i l l e d water and c a r e f u l l y 
add -57 nilo of Oo88"'aramonia s o l u t i o n w i t h mixingo Render 
the s o l u t i o n j u s t f a i n t l y a c i d w i t h a o e t i o aoido 
Method 
A 5 mlo a l i q u o t of the stook s o l u t i o n prepared above 
( p o 6 l ) was p i p e t t e d i n t o a p r e v i o u s l y weighed Schwarz-
Berhamf f i l t e r beaker w i t h a 1 0 mmo diameter s i n t e r e d 
g l a s s - f i l t e r dieoo The fi l t e r < = b e a k e r was weighed i n 
a s i m i l a r manner t o the weighing procedure o a r r i e d out 
e a r l i e r on the n i c k e l c r u c i b l e s ( p o 6 o ) o O o 5 mlo of the 
1 0 ^ oxine s o l u t i o n was p i p e t t e d w i t h a loOO mlo m i c r o -
p i p e t t e i n t o the filtero=.beaker and the contents c a r e f u l l y 
mixedo This was f o l l o w e d by the dropwise a d d i t i o n of 
the AOf) ammonium acetate s o l u t i o n u n t i l the s o l u t i o n i n 
the f i l t e r - b e a k e r became oloudyo The beaker and i t s 
contents were heated on a water bath and maintained a t 
a temperature of TO^Q f o r 2 = 5 minutes t o f i r s t coagulate 
the p r e c i p i t a t e , and then to make the p r e c i p i t a t e o r y s t -
a l l i n e o I f the s o l u t i o n i n the f i l t e r - b e a k e r became 
c l e a r d u r i n g the h e a t i n g procasSp one or two drops of 
ammonium acetate s o l u t i o n were added from a semi-
6 5 
micro p i p e t t e u n t i l the s o l u t i o n became cloudy againo 
A f t e r the f i l t e r ^ b e e ^ e r and i t s contents had been removed 
from the water bath and allowed t o c o o l f o r ^ 0 minutes, 
the s o l u t i o n was f i l t e r e d o f f u s i n g a m l q r o - s u o t i o n 
apparatuso The aluminium o x i n a t e p r e c i p i t a t e was washed 
se v e r a l times i n hot water u n t i l the f i l t r a t e was o o l o u r -
l e s s o The f i l t e r - b e a k e r and the p r e c i p i t a t e were then 
d r i e d a t 1 2 0 ° C and f i n a l l y weighed ( u s u a l micro-balance 
weighing technique)o The weight of the aluminlump and 
t h e r e f o r e alumina^ was r e a d i l y c a l c u l a t e d knowing t h a t 
1 mgo of aluminium oxinatep A l (CgH^ON)^p c o n t a i n s O o 0 5 8 7 mg, 
( 5 8 o 7 / t g o ) of aluminiumo The t o t a l alumina i n the fused 
sample was c a l c u l a t e d from the f o l l o w i n g expressions 
Weight o f A l 2 0 ^ i n fused sample = 5 W x O0O587 x I 0 8 8 9 mgo 
= 0 o 5 5 4 4 W mgo 
where W i s the weight of aluminium oxinate (mgo)o 
3 o D e t e r m i n a t i o n of S i l i c a 
The c l a s s i c a l methods f o r the d e t e r m i n a t i o n o f s i l i c a 
( 8 6 , 1 1 7 p l 2 7 p l 3 7 ) were of l i t t l e use i n t h i s worko Although 
the d e t e r m i n a t i o n of e i l i o a p as e i l i o a i t s e l f p can be 
c a r r i e d out on a semi-mioroscalep the c o l o r i m e t r l o method 
of J o l l e s and Neurath ( 1 2 2 ] was used t o determine s i l i c a 
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ae Bllloomolybdlo aoldo This method has slnoe heen the 
subjeot of many i n v e s t i g a t i o n s and m o d i f i o a t i o n s { 1 4 7 p 
1 4 8 p 1 4 9 ) and i t has been s t a t e d t h a t i t i s perhaps b e t t e r 
t o reduce the yellow s i l i o o m o l y b d i o aoid t o *molybdenium 
blue', u s i n g a s u i t a b l e reduoing agent ( 1 5 1 ) o A s i m i l a r 
procedure as o u t l i n e d by S n e l l and S n e l l ( 1 ^ 0 ) was used 
t o determine s i l i o a o 
Reagents 
l o 1 0 ^ A o e t i o aoids^ 
D i l u t e 1 0 mlo of g l a o i a l a o e t i o 
a o i d w i t h d i s t i l l e d water and make up t o 1 0 0 mlc. i n a 
Yolumetrip f l a s k o 
2 o Ammonium molybdate s o l u t i o n s -
Dissolve 1 0 gmo of 
AnalEkR aimnonium molybdate i n 1 0 0 ml<» o f d i s t i l l e d waters 
Store the s o l u t i o n a t room temperature and i n a polythene 
b o t t l e o This s o l u t i o n w i l l l a s t approximately f o r 1 
montho 
3a Standard s i l i o a s o l u t i o n s -
As prepared i n S e o t i o n - 1 
of t h i s worko 
4 o Hydroguinone/sodium s u l p h i t e s o l u t i o n s -
Dissolve 
O o 5 gmo of AnsdaR hydroquinono i n 1 0 0 mlo of a ZOjS s o l u -
t i o n of sodium s u l p h i t e ( 2 0 gmo of AnalaR sodium s u l p h i t e 
i n 1 0 0 mlo of d i s t i l l e d watero)o ' Prepare a f r e s h s o l u t i o n 
every 7 t o 1 0 dayso 
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Q a l i b r a t i o a of the Absorptiometer 
Known volumes of the standard s i l i c a s o l u t i o n were 
p i p e t t e d i n t o oleanj, dry^ t e s t tubeso To each t e s t tube 
2 mlo of a c e t i c a c i d and 3 of ammonium molybdate 
s o l u t i o n were added and the m i x t u r e sheOcenedo A f t e r 
adding 2 mlo of 0o55^ hydroquinone solutionp the s o l u t i o n 
was t r a n s f e r e d t o a 2 ^ mlo measuring c y l i n d e r and made 
up t o the 2 5 mlo mark w i t h d i s t i l l e d watero The c o l o u r 
i n t e n s i t y of the molybdenium blue complex was measured 
on an Eel absorptiometer e i f t e r 3 0 minutes, u s i n g a 700yU 
micron ( 6 0 9 ) o p t i c a l f i l t e r and 1 0 omo oupSo A water 
blank was found t o be q u i t e s a t i s f a c t o r y 0 A c a l i b r a t i o n 
graph was drawn up of the l o g a r i t h m percent t r a n s m i s s i o n 
( o p t i c a l d e n s i t y ) (abscissa) a g a i n s t the s i l i c a concentra-» 
t i o n ( o r d i n a t e s ) o 
Test 
A 2 mlo a l i q u o t of the stock s o l u t i o n prepared above 
( p o 6 l ) was p i p e t t e d i n t o a oleeuip dry, t e s t tube and 
2 mlo of of a c ^ t i o a c i d and 3 mlo of ammonium molybdate 
s o l u t i o n added t o the t e s t s o l u t i o n , i n t h a t ordero 
A f t e r m i x i n g the s o l u t i o n , 2 mlo of O^yf) hydroquinone 
s o l u t i o n was Introduced i n t o the t e s t tube and the s o l u t i o n 
6 8 
t r a n s f e r e d t o a 2 5 mlo measuring c y l i n d e r and made up t o 
the 2 5 mlo mark w i t h d i s t i l l e d watero A f t e r 3 0 minutes 
the c o l o u r i n t e n s i t y was measured on the absorptiometerp 
u s i n g a 7j09/>mloron ( 6 0 9 ) o p t i c a l f i l t e r and 1 0 omo*^  
oupsj, a g a i n s t a water blanko The c o n c e n t r a t i o n of s i l i c a 
i n the 2 mlo a l i q u o t was e a s i l y computed from the c a l i b r a -
t i o n grapho This c o n c e n t r a t i o n was m u l t i p l i e d by a f a c t o r 
1 2 o 5 t o give the t o t a l s i l i c a c o n c e n t r a t i o n i n the stock 
s o l u t i o n o 
4o E s t i m a t i o n of the H y d r o x y l Content (Loss on I g n i t i o n ) 
The precise temperature f o r the l o s s of h y d r o x y l 
water v a r i e s from k a o l i n i t e t o k a o l i n i t e p a l t h o u g h de-
h y d r a t i o n i s e s s e n t i a l l y complete a t BOO^ C i n a i r ( 1 5 2 , 
1 5 3 , 1 5 4 ^ 1 5 5 ) 0 - Although d e h y d r a t i o n i n v o l v e s the l o s s of 
l a t t i c e h y d r o x y l water, i t a l s o i n v o l v e s the l o s s of 
adsorbed and i n t e r l a y e r water, from the c l a y m i n e r a l o 
The s o l i d phases obtained a f t e r t e r m i n a t i o n o f the r e a c t i o n s , 
however, were d r i e d a t 5 0 ^ 0 f o r 48 hours a f t e r being 
washed w i t h d i s t i l l e d water and absolute alcoholo Thus, 
p r a c t i c a l l y a l l of the adsorbed water (pore water) has 
been l o s t before l a t t i c e d ehydration ( 4 6 ) o 
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Method 
Between 10 and 15 mgo of s o l i d was i n t r o d u c e d i n t o 
a f u s e d - s l l i c a o r u c i b l e and the exact weight of m a t e r i a l 
recorded ( t o d mgo)o The c r u c i b l e and i t s contents 
were heated g r a d u a l l y t o d u l l - r e d heat (oao 800-lOOO^C) 
and maintained a t t h i s temperature f o r 10 minutes^ On 
coolingpthe c r u c i b l e and i t s contents were reweighedo 
Such a weight loss corresponded t o the d e h y d r a t i o n of the 
s o l i d and was e a s i l y expressed as a percent weight loss*, 
PART"3 I n s t r u m e n t a t i o n 
l o X-^ Ray D i f f r a c t o m e t r y 
The x-ray d i f f r a c t o m e t e r used throughout t h i s work 
was s i m i l a r t o t h a t described by B e r t h o l d and T r o s t ( I56) 
and was supplied by S o l u s - S c h a l l , Limitedo The d i f f r a c t -
ometer was used i n c o n j u n c t i o n w i t h a Geiger counterp 
a Panax ratemeterp and a E l l i o t ohart-recordero The 
x-ray generator was a P h i l i p s = M u l l a r d p s e a l e d - o f f , type 
of tube, w i t h an x-ray d i f f r a c t i o n tube s h i e l d and detach, 
able f i l t e r o Since a copper t a r g e t was employed, i t was 
necessary t o use a n i c k e l f i l t e r i n order t o remove the 
Ky6 component from the Cu-radiationp thus o b t a i n i n g mono-
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chromatic r a d i a t i o n o (Wavelength f o r the £ ^ d o u b l e t 
of the C u - r a d i a t i o n .= lo542^ A o (mean v a l u e ) ) 
The specimen c a r r i e r was e a s i l y a d j u s t a b l e f o r h e i g h t 
and o r i e n t a t l o n o I n t e g r a t i n g times of 1, 5 and 25 eeconds, 
and counts of 200 t o 40,000 c/m. could be obtained w i t h 
the Panax ratemeter^ The E l l i o t c h a r t r e c o r d e r could be 
operated at e i t h e r 3 inches per hour or a t JO inches per 
hour ( r e c o r d i n g l i n e i n t e n s i t i e s ) e The Bragg and Brentano 
(157) method of f o c u s i n g was u t i l i s e d (PIGoS)* Both 
the specimen and the counter could be r o t a t e d i n a c l o c k -
wise or a n t i o l o o k w i s e d i r e c t i o n by hand or by a geared 
e l e c t r i c motor having t h r e e a v a i l a b l e speeds o f 1/3, 
1 , emd 2 angular degrees per mlnuteo A l l i n v e s t i g a t i o n s 
- • "I 
were c a r r i e d out a t l / 3 of an angular degree per minute* 
A 9 cm<,, Unlearn, Debye-Scherrer powder oamerap emplo-
y i n g the Van A r k e l method of x-ray photographic f i l m 
arrangement, was used i n c o n j u n c t i o n w i t h a Raymax 6o 
x-ray d i f f r a c t i o n u n l t o A copper t a r g e t was employed, 
the component of the C u - r a d l a t i o n being removed by 
means of, a n i c k e l wlnr^.oWo During the exposure, the 
specimen was slowly r o t a t e d a t 1 r e v o l u t i o n per 7o5 
minuteso 
Specimens mounted on the d l f f r a c t o m e t e r and I n the powder 
camera were f r e e from i r o n ^ 
c i r c l e 
FIG.6. X-&ay diffraotometer foouslng system, 
mount and 
baokplate 
NaCl 
windows' 
alum l u l l 
spacer 
rubber 
gaskets 
quick-release 
s 
frontplate 
FIG. 7 . Cross-section of absorption c e l l holder as used 
i n t h i s work. 
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Specimen P r e p a r a t i o n 
( i ) Non-orientated specimens:^ 
Powder specimens were 
prepared by pouring the dry powdered samples i n t o t h i n -
w a l l e d soda glass c a p i l l a r y tubes ( c a o Oo5 nraio diameter) 
and then t a p p i n g the tube g e n t l y t o c o n s o l i d a t e the 
powdero The tubes were sealed and the specimens i n s e r t e d 
i n t o the top of the powder camera and c a r e f u l l y centred 
at the a x i s of the c y l i n d e r of the photographic f i l m by 
means of two p a i r s of k n u r l e d screws set a t 90° t o each 
othero Once the specimen was c e n t r a l the camera was 
loaded w i t h a f a s t x-ray f i l m ( C r y s t a l l e x ) and then 
evacuated i n order t o e l i m i n a t e s c a t t e r i n g of the x-rayso 
Exposure time, f i l a m e n t c u r r e n t , etCof, were r e a d i l y 
s e l e c t e d on the main c o n t r o l u n i t of the Raymax 60o 
A Kodak x-ray photographic f i l m ( C r y s t a l l e x ) was used 
when good c o n t r a s t was requiredo With t h i s f i l m an 
exposure time of 12 hours was found t o give s a t i s f a c t o r y 
resultSo The f i l m s were developed w i t h Kodak Do 19b 
developer and f i x e d w i t h Kodak PX-40o 
( i i ) O r i e n t a t e d specimens;-
Clays, being e s s e n t i a l l y 
f i n e - g r a i n e d m a t e r i a l s , can be studied only by x- r a y 
72 
powder teohniquesp except i n a few s p e o i a l oases where 
m a c r o - c r y s t a l l i n e m a t e r i a l a l s o existSo Pressed powder 
specimens were used t h e r e f o r e throughout t h i s worko 
Several workers have o u t l i n e d a v a r i e t y of ways f o r 
p r e p a r i n g c l a y specimens remging from sedimentation t o 
at o m i z a t i o n of the specimen i n a s o l u t i o n o f an organic 
s o l v e n t (158pl59pl6o)o Adams and Rows ( l 6 l ) have stressed 
the importetnce of specimens having a f l a t surfaoSp although 
i t must be remembered, t h a t c l a y minerals are f r e q u e n t l y 
p l a t y andp thereforCp acquire a high degree of p r e f e r e n t i a l 
o r i e n t a t i o u o Between 70 and 200 mgo of m a t e r i a l were 
pressed a t 15 tons per sqo i n c h i n t o d isos I 3 mmo i n 
diametero Goneequentlyp there was considerable p a r t i c l e 
o r i e n t a t i o n i n these speoimenso Howeverp p a r t i c l e o r i e n -
t a t i o n was of no importance i n t h i s worko 
I n d i v i d u a l specimens were mounted on the specimen 
c a r r i e r and adjusted f o r h e i g h t and o r i e n t a t i o n p the 
v e r t i c a l p l a t e (which ensures t h a t the specimens surface 
l i e s a t the c e n t r a l M i s of the d i f f ractometer ) then 
being removedo The d i f f r a c t o m e t e r was standardised w i t h 
a s i n g l e c a l o i t e c r y s t a l {3o035*^Ao)o A wor k i n g p o t e n t i a l 
of 40 K V o and a f i l a m e n t c u r r e n t of 15 mAo was used t h r o -
ughoutp unless s t a t e d otherwisso 
73 
2 o I n f r a r e d A b s o r p t i o n Spectroscopy 
The instrument used throughout t h i s p a r t i c u l a r work 
was a Unlearn S P o 2 0 0 , double-beam, spectrophotometero 
The Instrument had em a l r = c o o l e d Nernst glower as i t s 
source of r a d i a t i o n and a monochromator of the L i t t r o w 
arrangemento The L i t t r o w monoohromator gave a scan 
l i n e a r w i t h wavenumber, t h i s being provided by a cam 
and l e v e r mechanism o p e r a t i n g on a L i t t r o w m i r r o T o 
The d e t e c t o r was a Golay type c e l l (pneumatic r a d i a t i o n 
d e t e c t o r ) having a 3 diameter s e n s i t i v e areao The 
recorder was of the f l a t - b e d type i n which the c h a r t 
c a r r i a g e moved under the pen t o record the wavenumber 
scano A f u l l scale response time f o r the pen was about 
1 second;, Spectra were recorded as a l i n e a r t r a n s m i s s i o n 
over a l i n e a r wavenumber e o a l S o The Instrument operated 
over a region of 650 cmo"^ t o 5000 omo"^ w i t h a scale 
change a t 2 0 0 0 cmo"^, the normal scanning time being 
1 0 mlnuteso The s l i t s were b i l a t e r a l w i t h a depth of 
15 mmo and c o n t r o l l e d by a v a r i a b l e mechanical programme 
over the speotrumo A 6o° r o c k = s a l t prism was eifiployed 
throughouto 
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C a l i b r a t i o n and R e s o l u t i o n of the Instrument 
The accuracy of the wavenumber scan was e a s i l y checked 
by u s i n g a polystyrene f i l m o R e s o l u t i o n of the SP*200 
was defined i n terms of the depth of r e s o l u t i o n o f c e r t a i n 
w e l l d e f i n e d and sharp a b s o r p t i o n peaks i n the spectrum 
of the pol y s t y r e n e I'ilmo Thur.p the peak a t 2 8 5 0 cm^ and 
a t 2 9 2 1 cmo"^ should be g r e a t e r than 65^ t r a n e m i t t a n o e ; the 
peak a t 3 0 2 7 cmo"^ should be separated from i t s neighbour 
a t 3 0 6 5 cmo"'^ by a trough of about 1 ^ tranemittanoe» 
The s i g n a l t o noise r a t i o f o r the normal energy programme 
was l e s s than 1 ^ peak-=to»peak on the charts 
These r e s o l u t i o n s were obtainedo 
Sample Pr e p a r a t i o n 
Severeil techniques have been developed f o r o b t a i n i n g 
i n f r a r e d a b s o r p t i o n spectra of s o l i d s ^ These i n c l u d e 
m u l l i n g ( 1 6 2 , 1 6 3 , 1 6 4 ) , m e l t i n g onto a trsuisparent p l a t e 
( 1 6 3 , 1 6 5 ) , attenuated t o t a l r e f l e c t i o n ( I 6 8 ) , and p r e s s i n g 
i n a l k a l i h a l i d e s ( 1 6 4 , 1 6 6 , 1 6 9 ) 0 Throughout t h i s work 
the m u l l i n g or suspension" technique was usedo 
The specimens were thoroughly mixed and ground i n an 
agate b a l l m i l l t o ensure t h a t the p a r t i c l e s i ze o f 
0.6Q 
0.50^ 
n a 
o a 
1 0.30J 
O 
0.201 
0.10J 
Weight of 
sample 
OH Cone, 
(meq.x lO"') 
Optical 
density 
2.0 3.1 0.043 
6.2 0.138 
6.0 9.3 0.220 A 
8.0 12.4 0.301 
10.0 15.5 0.390 
6.0 
12.0 
18.0 
24.0 
3.0 
6.0 
9.0 
12.0 
0.075 
0.173 o 
0.269 ^ 
0.376 
Kaolinite B = Muscovite 
Muscovite 
i n i t e 
Cell thickness,.o. 2 x 10 ®cmo 
Volume of Nujol... 0.16 ml. 
0 ^ ' » ' ' ( S i ( ^ i i 1 i i ? 
0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 
^^ydroxyl concentration at 2 . ^ (meq. x 10" )^ 
PIG.8. Test of Beer-Lambert'a law for kaolinite and muscovite samples. Investigation of the 
J^droxyl band at 2 . ^ by means of the Nujol mull technique. 
1 I 
18.0 20.0 
75 
each specimen was l e s s than 5 / j e o S o d o p thus p r e v e n t i n g 
unnecessary l o s s of t r a n s m i s s i o n and r e s o l u t i o n throughout 
the spectrum ( 1 6 7 ) 0 N u j o l ( a pharmaceutical p a r a f f i n 
o i l ) was used as the suspending medium because i t had a 
s a t i s f a c t o r y v i s c o s i t y and i t s r e f r a c t i v e index was such 
t h a t i t lessened the s c a t t e r i n g r e f l e c t a n c e from the 
mi n e r a l p a r t i c l e s ( 6 4 ) 0 The amount of sample used and 
n u j o l employed i n suspending the sample was such t h a t 
the spectrum was recorded between 205^ and 60^ t r a n e m i t t a n c e , 
thus i n t r o d u c i n g a maximum e r r o r of about 12^ i n the 
recorded spectrum ( 1 7 0 ) o The i n f r a r e d a b s o r p t i o n spectrum 
of nujolp which would have been obtained as a background 
spectra t o the spectrum of the m i n e r a l , was compensated 
by i n t r o d u c i n g a s i m i l a r a b s o r p t i o n chamber (PIG. 7 ) 
c o n t a i n i n g n u j o l i n t o the reference beeun of the speotroph-
otometero S a t i s f a c t o r y a b s o r p t i o n spectra were obtaine d 
of both h y d r o x y l i o minerals ( k a o l i n l t e and muscovite) 
by suspending 6 mgo of k a o l i n i t e or 18 mg, o f musoovite 
i n O0I6 mlo of n u j o l u s i n g a 0 o 0 Q 2 cmo aluminium spacer^ 
Beer's law was found t o be v a l i d f o r the h y d r o x y l band 
reg i o n a t 2 o 7 - 2 o 7 5 y U (PIGo 8) <. (The SPo200 was only able t o 
resolve two o f the f o u r known h y d r o x y l peaks i n b o t h 
h y d r o x y l i o mineralso) Both the 'Base-line* ( I 7 I ) and 
the ' I n t e g r a t i o n of areas' ( 1 7 2 ) methods were employed 
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i n measuring the v a r i a t i o n of the hy d r o x y l conoentratlon<, 
3o B l e o t r o n Mlcrosoopy 
The P h i l i p s E M o l O O , desk-type model, e l e & t r o n mioro-
soope used i n t h i s work nas based on the v e r t l o a l tube 
instrument b u i l t by Le Poole (173)f ezoept t h a t the 
column was almost h o r i z o n t a l and an e x t r a l e n s was i n c o r p -
orated f o r d i f f r e ^ o t i o n operationo U n f o r t u n a t e l y , t h i s 
Instrument oould only be used f o r e l e c t r o n d i f f r a o t l o n 
I n v e B t i g a t i o n s p e r p e n d i c u l a r t o the speolmen» A r e e o l -
c 
u t i o n of the order of 25-30 A<> was p o s s i b l e w i t h t h i s 
instrumento 
Specimen P r e p a r a t i o n 
B s s e n t l a l l y a l l of the e a r l y e l e c t r o n miorosoopy 
s t u d i e s of cl a y s have been made by d i r e c t t r a n s m i s s i o n 
o b s e r v a t i o n of the p a r t i c l e s o S i m i l a r examinations were 
c a r r i e d out i n t h i s worko 
Thin, u n i f o r m , carbon f i l m s were prepared by evapor-
a t i n g carbon onto a f r e s h l y oleaved mica sheet ae advocated 
by Bradley ( 1 7 4 ) o A ' Speedlvac* shadowing u n i t from 
Sdwards High Vacuum L i m i t e d was employed f o r t h i s operation« 
The carbon f i l m was c a r e f u l l y f l o a t e d o f f from the sheet 
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of mica w i t h water and mounted on to 200-meeh copper 
g r i d s and allowed to dry under a lamp. 
The specimens to be examined were d i s p e r s e d i n water (and 
acetone i n some oases) and a s i n g l e drop of eaoh suspension 
placed on to i n d i v i d u a l supported carbon f i l m s and allowed 
to dry under a lamp. 
Although numerous methods of o b t a i n i n g good d i s p e r s i o n s 
and d i ^ i b u t i o n s of p a r t i c l e s on the specimen s u p p o r t i n g 
carbon f i l m have been d e s c r i b e d i n the l i t e r a t u r e ( 1 7 5 , 
1 7 6 , 1 7 7 ) , i t was found t h a t the 'drop' technique gave 
s a t i s f a c t o r y r e s u l t s . 
Shadowing techniques were a l s o employed to improve the 
examination of the specimens and to show topography of the 
c r y s t a l s u r f a c e s . Such specimen^ were shadowed w i t h 
palladium metal a t an angle of 15° to the h o r i z o n t a l plane. 
A l l o b s e r v a t i o n s were made a t a working p o t e n t i a l of 80 Kv. 
4o Flame Photometry 
The flame photometer used i n t h i s work was an B e l 
(Evans K l e c t r o s e l e n i u m L i m i t e d ) , s i n g l e beam, Mark I I , 
i nstrument u s i n g a pneumatic atomizer. A i r was s u p p l i e d 
from a compressor ( a l s o from B e l ) a t a p r e s s u r e between 
15-20 l b s . / s q . i n c h . The gas was from the mains gas supply. 
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With t h i s instrument i t was found p o s s i b l e to d e t e c t 
0 - 1 0 g o (0«=.10 poPofflo) of potassium a t a maximum s e n s i -
t i v i t y s e t t i n g with a t o l e r a n c e of l^o 
The s t a n d a r d i s a t i o n of the flame photometer and i t s 
o p e r a t i o n can be found on page 56 of t h i s worka 
5e Absorptiometry 
G o l o r i m e t r i c a n a l y s i s i s only a s p e o i a l case of the 
more g e n e r a l photometrio chemioal a n a l y s i s (epeotrophoto-
metryp t u r b i d i m e t r y , nephelometry, e t O o ) c Consequently, 
the r e are many types of absorptiometera, although the 
f i l t e r photometer, euoh as the B e l and H i l g e r Speaker 
absorptiometers, are perhaps the most common type of 
instrumentSo 
The instrument used.throughout t h i s work was a s i n g l e 
beam, Eelp absorptiometer (Model B)« The galvanometer of 
the instrument was c a l i b r a t e d to record both the percentage 
treuQsmission and lo g a r i t h m p e r c e n t t r a n s m i s s i o n ( o p t i c a l 
d e n s i t y ) o S e l e c t i o n of the c o r r e c t o p t i c a l f i l t e r was 
made by means of a ' f i l t e r wheel', which p r o j e c t e d s l i g h t l y 
above the top of the instrument case, thus g i v i n g easy 
f i n g e r - t i p oontrolo 
CHAPTER 5 
EXPifiRIMfiNTAL RESULTS 
PART-1 
EFFECT OP ACID FLUORIDE SOLUTIONS ON KAOLINITB 
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CHAPTER 5 
fiXPSRIMENTAL RJSSULTS 
Throughout t h i s work the f o l l o w i n g r a t i o s w i l l be 
used to express c e r t a i n e xperimental data: 
Pg/F « « c o t h i s i s the r a t i o between the percentage weight 
gain per 100 mgo of sample and the c o n c e n t r a t i o n 
of f l u o r i d e (meqo/lOO mgo) l o s t from s o l u t i o n to 
the s o l i d phase f o r a given r e a c t i o n time ( h r 8 o ) o 
Pj^/P oooo r a t i o between the percentage weight l o s s p er 
100 mgo of sample and the conoentrat^ion of 
f l u o r i d e (meqo/lOO mgo) l o s t from s o l u t i o n to 
the s o l i d phase f o r a given r e a c t i o n time ( h r s o ) o 
OH/P O O , O r a t i o between the c o n c e n t r a t i o n of h y d r o x y l s 
present i n the s o l i d phase (me^o/lOO mgo) 
(determined by i n f r a r e d a b s o r p t i o n speotrosoopy) 
and the c o n c e n t r a t i o n of f l u o r i d e {meqo/lOO mgo) 
l o s t from s o l u t i o n to the s o l i d phase f o r a 
given r e a c t i o n time ( h r s o ) o 
K/P O O O O r a t i o between the c o n c e n t r a t i o n of potassium 
(meqo/lO m l o ) i n s o l u t i o n and the c o n c e n t r a t i o n 
of f l u o r i d e (meqo/lOO mgo) l o s t from s o l u t i o n f o r 
8 0 
a given r e a c t i o n time (hrso)o 
001/002 o o r a t i o between the r e l a t i v e i n t e n s i t y of the 
7ol2^Ao ( 0 0 1 ) and the 3o58.°Ao ( 0 0 2 ) b a s a l r e -
f l e o t i o n s of k a o l i n i t e (x=ray d i f f r a c t i o n ) f o r 
a given r e a c t i o n time ( h r B o ) o 
PART^l 
Kolo R e a c t i o n ^ i t h N e u t r a l Sodium F l u o r i d e 
P r e v i o u s workers i n t h i s f i e l d have s t u d i e d the r e a c t i o n 
between feaolinite and n e u t r a l s o l u t i o n s of sodium f l u o r i d e 
by back t i t r a t i n g the l i b e r a t e d hydroxyls w i t h standard 
a c i d ( 2 8 p 3 4 p 3 5 ^ 3 6 ) 0 The weight gain or weight l o s s 
technique, as d e s c r i b e d i n the experimental s e c t i o n , po41, 
was employed to i n v e s t i g a t e the natura of t h i s r e actiono 
The r e a c t i o n was s t u d i e d over a period of t h r e e months 
at one temperature only, namely, 2 0 ^ 0 o 
I t was found t h a t the percentage weight gain (P-) 
p l o t t e d a g a i n s t the f l u o r i d e l o s t from s o l u t i o n (P) gave 
a s t r a i g h t l i n e graph having a elope (Pg/F) of I I 0 6 w i t h i n 
the f i r s t 15 days of the r e a c t i o n , ioS. Pg/P = I I 0 6 0 
Between I 5 days and 90 daysp the Pg/P r a t i o had i n c r e a s e d 
16 
1 4 - ^ 
1 2 H 
S 1 0 
3 
fl 6 
o 
Temperature,ooo 2 0 ^ C o 
Sodium Fluoride Concentration 
= 0 o 4 gmomoleo/litreo 
(Note- the figures represent the reaction time 
in days.) 
Muscovite/ y 
PgA = i P /P = 1 1 , 6 
O 
Felspar Pg/P = ^ < » 2 
. 0 . 3 0 o 4 0 c 5 O o 6 
Fluoride Loss from Solution (meqo / 1 0 0 mgo) 
O o 7 
FI&o 9 o Plot of the P values against F values (P / F ratio) for the 
reaction betwfen kaolinite, felspar and mfiscovite and 
neutral solutions of sodium fluorideo The reaction was 
caxTied out over a period of three months» 
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c o n s i d e r a b l y above t h i s i n i t i a l v alue (cao 2 3 ) , the 
s t r a i g h t l i n e graph becoming a curve (PIGo9)e 
K o l a o X-ray d i f f r a c t i o n datas° 
X«ray d i f f r a c t i o n i n v e s t -
i g a t i o n of the k a o l i n i t e r e s i d u e s a f t e r v a r i o u s i n t e r v a l s 
of r e a c t i o n time r e v e a l e d the presence of d i f f r a c t i o n 
peaks corresponding to sodium f l u o r o a l u m i n a t e ( c r y o l i t e ) ^ 
Although there was no apparent i n d i c a t i o n of the alumino-
s i l i o a t e p h y r o p h y l l i t e , A l S i 2 0 ^ ( 0 H ) p the presence or 
absence of sodium f l u o r o s i l i o a t e (TABLE I 3 ) or s i l i c a w^s not 
oonclusiveo During the r e a c t i o n the r a t i o between the 
r e l a t i v e i n t e n s i t y of the 001 and the 002 b a s a l r e f l e c t i o n s 
of k a o l i n i t e (001/002 r a t i o ) was found to d e c r e a s e w i t h 
r e a c t i o n timco A f t e r 3 months the 001/002 r a t i o had a 
value of Oo75 ( i n i t i a l 001/002 r a t i o = l o l 2 ) c 
Kolbo I n f r a r e d a b sorption spectrosoopyg° 
I n f r a r e d absorp-
t i o n study of the r e s i d u e s f a i l e d to show the presence 
of any new a b s o r p t i o n bands i n the k a o l i n i t e speotrumo 
The absence of an a b s o r p t i o n band a t approximately IJo'^ju 
( 1 7 8 , 1 7 9 ) would tend to i n d i c a t e t h a t the presence of 
sodium f l u o r o s i l i o a t e i n the s o l i d phase i s doubtfulo 
( E l e c t r o n microscopy examination, however, r e v e a l e d the 
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presence of sma l l , s p h e r i c a l , p a r t i c l e s d i s p e r s e d among 
the hexagonal k a o l i n i t e c r y s t a l s ^ ) 
Koloo B l e c t r o n microscopy:° 
f' 
Examination of the k a o l i n i t e 
r e s i d u e s y i e l d e d very l i t t l e i n f o r m a t i o n as to whether 
the k a o l i n i t e c r y s t a l s were undergoing chemical decomposi-
tiono However, emails s p h e r i - s a l , p a r t i c l e s were found 
d i s p e r s e d among the hexagonal k a o l i n i t e c r y s t a l s o ( S i m i l a r 
p a r t i c l e s have been reported by e a r l i e r workers) I t was 
thought t h a t these p a r t i c l e s were p a r t i c l e s of c o l l o i d a l 
s i l i o a o 
Ko2« R e a c t i o n w i t h Acid Sodium F l u o r i d e 
R e s u l t s obtained d u r i n g the r e a c t i o n between k a o l i n i t e 
and a c i d sodium f l u o r i d e s o l u t i o n s (sodium f l u o r i d e / a c e t i c 
a c i d ) a t 20°C are rep r e s e n t e d g r a p h i c a l l y i n PIGolOo, the 
a c t u a l experimental f i g u r e s being given i n TABLES 8-9» 
FIGolO shows a g a i n i n weight during the r e a c t i o n 
i n d i c a t i n g t h a t l a r g e amount of i n s o l u b l e m a t e r i a l a re 
being produoedo A p l o t of the percentage weight gain 
per 100 mgo of k a o l i n i t e ( a b s c i s s a ) a g a i n s t the con c e n t r a -
t i o n of f l u o r i d e l o s s from s o l u t i o n ( o r d l n a t e s ) , expressed 
100 J 
t, = Heaotion with SOLUTION A 
X = Keaction with SOLUTION B 
o =: Eeaction with SOLUTION C 
Temperature.,.. 20^C 
• The i z i i t i a l P values have been 
oorrected for sodium fluoroslllcate 
in solution 
0,8 1.2 1.6 
Fluoride Loss from Solution (meq*/l00 mgo) 
PIG. 10. Plot of the P values against P values for the reaction 
between kaoli§lte cind acid sodium fluoride solutions. The 
reaction was carried out over a period of 240 hours. 
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PIGo 11o Extraction of s i l i c a (as sodium fluorosilicate) from the kaolinite crystal l a t t i c e during 
the reaction between kaolinite and acid sodium fluoride solutionso Plot of Na^SiP^ against 
P" loss from solutiono 
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i n m i l l i e q u i v e i l e n t s per 1 0 0 milligrammes of k a o l i n i t e p i s 
represented by the l i n e having a Pg/P value of 2 2 o 0 o (PIGolO) 
The ooQoentration of s i l l o a p expressed as sodium f l u o r o -
e i l i o a t e p e n t e r i n g i n t o s o l u t i o n i s rep r e s e n t e d g r a p h i c -
a l l y i n P I G , l l o At a sodium f l u o r o s l l l o a t e c o n o e n t r a t l o n 
of 9 ^ 1 mgo / 1 0 m l o ( 0 o 9 1 g m o / l i t r e ) p f l u o r i d e i s s t i l l 
being l o s t from the l i q u i d phase to the s o l i d phase, even 
although the s o l u t i o n appears to be s a t u r a t e d w i t h r e s p e o t 
to sodium f l u o r o s i l i o a t e o S i n c e the P^ -/P valu e of 2 2 o 0 
was not a tr u e v a l u e (due to the s o l u b i l i t y of sodium 
f l u o r o s i l i c a t e ) p i t was n e c e s s a r y to add the c o n c e n t r a t i o n 
of sodium f l u o r o s i l i o a t e i n solutionp f o r a given r e a c t i o n 
tlmep to the observed weight g a i n f o r the same r e a c t i o n 
timeo (Bxperlmental f i g u r e s f o r t h i s c o r r e c t i o n taken 
from TABLES 8 « 9 ) A c o r r e c t e d Pg/P valu e of 2 5 o 5 was 
obtained on making t h i s c o r r e c t i o n (PIGolO)« 
At the h i g h e r temperature ( 5 0 ^ 0 ^ the Pg/P value was 
observed to be s l i g h t l y lower ( 2 0 o 7 ) than the Pg/P v a l u e 
a t the lower temperature ( 2 0 ° C ) ( 2 2 o 0 ) o However the 
c o r r e c t e d P„/P r a t i o was found to have a v a l u e of 2 5 o 5 o 
( E x p e r i m e n t a l f i g u r e s give i n TABLES 8 = 9 o ^ although f o r 
c l a r i t y p the v a l u e s a t ^ 0^0 have not been p l o t t e d graph-
i c a l l y o) During the r e a c t i o n i t was observed t h a t the pH of 
the s o l u t i o n i n c r e a s e d w i t h r e a c t i o n time (measured w i t h 
narrow range pH paper)• 
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PI& o 1 2 o Plot of the d-yalues and relative intensities for -
A o o . o kaolinite 
B. C . . kaolinite treated with an acid sodium fluoride solution for 2 W ) hours at 2 0 ^ C o 
C. ooo sodium fluoroaluminate, ciyoliteo (ASTM index, 1 - 1 2 7 3 ) (monoclinic, synthetic) 
b . ^ o o sodium fluorosilicateo (ASTM, 8-36). 
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Ko2ao X»ray d i f f r a c t i o n datas° 
Both d i f f r a c t o m e t e r 
t r a c e s and powder camera photographs i n d i c a t e d t h a t the 
k a o l i n i t e r e s i d u e s contained a t l e a s t two a d d i t i o n a l 
s o l i d phaseso The new s o l i d phases were i d e n t i f i e d as 
sodium f l u o r o a l u m i n a t e { s y n t h e t i c , monocllnio) and sodium 
f l u o r o s l l i c a t e (Heuaawalt method of i d e n t i f i c a t i o n 
u s i n g A o S o T o M o index PIGol2 shows a p l o t of the 
i n t e r p l a n a r spaclngs, d, ( a b s c i s s a ) and the r e l a t i v e 
i n t e n s i t i e s of the r e f l e c t i o n s f o r k a o l i n i t e and k a o l i n i t e 
which has been s u b j e c t e d to a c i d sodium f l u o r i d e treatment 
( o r d i n a t e s ) o The x^ray r e f l e c t i o n s corresponding to 
sodium f l u o r o a l u m i n a t e ( c r y o l i t e ) and sodium f l u o r o s i l l c a t e 
are a l s o given as oomparisonso 
I n a d d i t i o n to the d e t e c t i o n of extraneous phases, 
i t was observed t h a t the r e l a t i v e i n t e n s i t i e s of the 
001 (7ol2°A.) and 002 (3o58°Ao) b a s a l r e f l e c t i o n s of 
k a o l i n i t e decreased w i t h r e a c t i o n timeo (A 001/002 r a t i o 
having a val u e of cao Oo9 was evalu a t e d f o r the r e a c t i o n 
a f t e r 240 hours a t 20°Co) A t the hi g h e r temperature ( 5 0 ^ 0 ) 
the 001/002 r a t i o tended to aeroj the i n t e n s i t y of the 
001 r e f l e c t i o n of k a o l i n i t e i n some c a s e s having completely 
vanished even although the 002 r e f l e c t i o n could s t i l l be 
WAVELENGTH (A) j 
2 0 0 0 / 1 8 0 0 
WAVENUMBER 
SPECTRUM Noo1* Infrared at^^orption spectrum of kaolinite. 
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i d e n t i f i e d o 
K o 2 b o I n f r a r e d a b s o r p t i o n speotrosoopyg-
Sample prepar-
a t i o n and experimental techniques have been d i s c u s s e d 
e a r l i e r i n t h i s work, po7^» 
2 b o i « The k a o l i n i t e speotrum:^ 
The i n f r a r e d a b s o r p t i o n 
spectrum of the o r i g i n a l k a o l i n i t e i s shown i n Speotrum 
N O o l , the f r e q u e n c i e s and assignments of the a b s o r p t i o n 
bands being summarised i n 'IABL£ l l o 
The speotrum of k a o l i n i t e i s c h a r a c t e r i s e d by f r e e 
hydroxyl a b s o r p t i o n a t 2o72yu{3680 cmo"*^) and a l e s s e r 
amount of i l l - d e f i n e d hydrogen-bonding up to Jol/^{J2J0 cmo"^) 
The band between 3 o l y a a n d Jo'^yuis r e l a t i v e l y f e a t u r e l e e S p 
except f o r a v e r y weak a b s o r p t i o n band a t 6olyM(l640 omo"'^)o 
T h i s band i s u s u a l l y a s s i g n e d to f r e e adsorbed watero 
Absorption begins a g a i n a t about SoOyWand I n c r e a s e s reg-
u l a r i l y i n i n t e n s i t y to Qo9J/^(1120 omo'^) o Other bands 
of s i m i l a r i n t e n s i t y occur a t 9 o l ^ ( 1 1 0 0 omo"^)p 9o6yt^ 
(1040 cmo"^)p and a t 9 o 9 / m ( 1 0 1 0 cmo°-^)o T r a n s m i s s i o n 
i n c r e a s e s a g a i n up to about 12o0 o Three a b s o r p t i o n 
bands then occur a t 12o5/*(800 cmo**^), 13o2yu(76o cmo"^). 
ffAYKr.KNfiTH 0^ ) ^ 
4 0 0 0 
•a y T 
3 0 0 0 2000/1800 1600 1400 1200 1 000. 
WAVKNUMBER 
SPECTRUM Noo2« Infrared absorption spectrum of kaolinite after 240-.hours in SOLUTION A at 50?.C 
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and a t l^oJ^iJOO omo"^) o Ji^tremely weak a b s o r p t i o n 
bands were thought t o ooour a t 3 o 5 8 ^ ( 2 8 0 0 oin"^)p 4o0/^ 
( 2 5 0 0 omo"^), and a t 7 o O ^ ( 1 4 3 0 cmo"^)o 
The a b s o r p t i o n bands between 9 o l y u a n d 9 o 9 y L . w i l l i n f u t u r e 
be r e f e r e d t o as the ' F i n g e r p r i n t region' as these bands 
are o h a r a o t e r i e t i o of S i « 0 v i b r a t i o n s as found i n l a y e r 
s i l i o a t e S f i 
2 b o i i o The speotmim of t r e a t e d k a o l i n i t e s -
V a r i a t i o n i n 
the h y d r o x y l a b s o r p t i o n band a t 2 o 7 2 ^ i n the k a o l i n l t e 
speotrum w i t h r e a c t i o n timep and the c o n c e n t r a t i o n of 
f l u o r i d e l o s t from s o l u t i o n t o the s o l i d phase^ was 
i n v e s t i g a t e d (TABLE 1 2 ) o P I G « 2 1 i l l u s t r a t e s the r e l a t i o n -
ship between the h y d r o x y l ( O H ) l o s t from the s o l i d phase 
and the f l u o r i d e l o s t from s o l u t i o n ( P ) t o the s o l i d phase* 
A OH/P value of O 0 I 8 was computed from t h i s grapho 
I n a d d i t i o n t o a decrease i n the 2 o 7 2 / i a b s o r p t i o n 
band of k a o l i n i t e , i t was observed t h a t the a b s o r p t i o n 
bands a t 1 2 o 5 ^ p 13o2yH and a t 1 4 o 3 ^ vanished from the 
spectrum f a i r l y e a r l y i n the reaotiono A f t e r only 24 hours 
at 20°C the 1 2 o 5 y t » a b s o r p t i o n band had vanishedo A f t e r 
72 hours the l')o2^ a b s o r p t i o n band had broaden considerably 
and showed two peaks at 1 2 c 7 y w ( 7 9 0 cmo"^) and a t 1 3 o 0 / ^ 
PLATE 1 
PLAl'B 2 
8 7 
(770 omo"^), although the 14o3yu a b s o r p t i o n band was 
s t i l l present i n the speotrumo At the high e r temperature 
(50*^C) a s i m i l a r a b s o r p t i o n spectrum was obtained a f t e r 
only 24 hourso Weak a b s o r p t i o n bands a t 6 o 3 y>i(1590 omo"-^) 
and a t 7 o O y u ( 1 4 3 0 cmo"-^) appeared i n the spectrum a f t e r 
l68 hourso The 1 3 o 0 / > a b s o r p t i o n band was observed a t 
both temperatures and appeared as a s t r o n g a b s o r p t i o n 
band i n the l a t e r stages of the r e a c t i o n (Spectrum No«2.)« 
The 1 3 e O ^ a b s o r p t i o n band was assigned t o the SiP^^" 
complex anion (178pl82)o 
Ko2oo E l e c t r o n microscopy examinations» 
Examination of 
the k a o l i n i t e residues under the e l e c t r o n miorosoope showed 
t h a t the k a o l i n i t e c r y s t a l s had undergone considerable 
decompositiono P l a t e d shows the general p i c t u r e of the 
k a o l i n i t e residue a f t e r only 2 hours i n SOLUTION A a t 2 0 ^ 0 ^ 
Smallp ephericalp p a r t i c l e s were found associated w i t h the 
hexagonal k a o l i n i t e c r y s t a l s ( P l a t e s 2-4), e s p e c i a l l y a f t e r 
the f i r s t 24 hours of the r e a c t i o n . P l a t e 4 showei an 
enlargement of one of these s p h e r i c a l p a r t i c l e s ( o B O 1 5 0 0 ° A , 
i n d i a m e t e r ) I the granul a r s t r u c t u r e of these p a r t i c l e s 
(which are believed t o be p a r t i c l e s of c o l l o i d a l s i l i c a ) 
appears t o be q u i t e markedo C r y s t a l l i n e m a t e r i a l p which 
PLATE 3 
PLATIS 4 
m i 
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was b e l i e v e d t o be c r y o l i t e said/or aodium f l u o r o e i l i o a t e , 
was a l s o found dispersed among the k a o l i n i t e o r y s t a l e 
( P l a t e 5 ) o At the high e r temperature ( 5 0°C) a t l e a s t 
t h r e e d i f f e r e n t shape p a r t l o l e s can be seen ( P l a t e 6 ) 0 
The l a r g e s t of these p a r t l o l e s were the lo n g , needle-
shapep c r y s t a l s which occurred i n l e n g t h s up t o 4000*^^6 
and lees than 100°Ao i n thicknesso The next l a r g e s t 
were the r e l a t i v e l y s h o r t , elongated, p a r t i c l e s which 
were i n the order of 0o2yt*ln l e n g t h and >00°Ao i n widthc 
The s m a l l e s t p a r t l o l e s were of the order of 3 0 0 ^ A o t o 
O o l y i A l n diameter and appeared i n some cases t o be e i t h e r 
hexagonal or cubic i n habito 
Ko2do B f f e c t of a c e t i c a c i d on k a o l i n i t e ; * 
Experiments 
were c a r r i e d out t o i n v e s t i g a t e the e f f e c t of a c e t i c a c i d 
on k a o l l n i t e since a c e t i c a c i d was used i n p r e p a r i n g the 
ac i d sodium f l u o r i d e eolutlonso 
The experimental procedure was i d e n t i c a l t o t h a t given 
e a r l i e r i n t h i s work ( p c 4 1 ) , i n v e s t i g a t i o n s being c a r r i e d 
out w i t h 100 mgo of k a o l i n i t e per 10 mlo of a c e t i c a c i d at 
20^G and 50°Co The same m o l a r i t y a c e t i c a c i d ( 0 o 5 Mo) 
as t h a t used i n the strongest a c i d sodium f l u o r i d e s o l u t i o n 
(SOLUTION A) was employed f o r t h i s i n v e s t i g a t i o n o 
PLATE 5 
PLATE 6 
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The pH of the a c e t i c a c i d s o l u t i o n was observed t o increase 
w i t h r e a c t i o n time^ both aluminium and s i l i c o n b e i n g 
brought i n t o s o l u t i o n o (pH changed from 2 ^ 5 t o 3 o 2 over a 
per i o d of 240 hours)o The c o n c e n t r a t i o n of aluminium i n 
s o l u t i o n was found t o be 2 0 ^ g o / l 0 mlo a t 20*^0 and 5 0 0 ^ g o / 
10 mlo a t 50°Co9 (Aluminium determined o o l o r i m e t r i c a i l y 
by the 'Aluminon' method 6^,102) c o n c e n t r a t i o n 
of s i l i c o n i n s o l u t i o n (as s i l i c a ) was found t o be l o 8 5 mgo/ 
10 mlo a t 20°C and 2o20 mgo/lO mlo at 5 0 ^ 0 a f t e r 240 hourso 
Although a v a r i a t i o n i n the temperature caused a l a r g e 
increase i n the c o n c e n t r a t i o n of aluminium coming i n t o 
s o l u t i o n (cao 2 5 times)p the q u a n t i t y of sodium f l u o r o -
aluminate produced i n the r e a o t i o n , i f sodium and f l u o r i d e 
i 
i o ns were availablOp would o n l y be i n the order o f 2 o 3 mgo/ 
10 mlo a t 5 0°Co S l m i l a r l y p the amount of sodium f l u o r o -
s i l l c a t e piroduced i n the r e a c t i o n wotild be i n the order 
of 6o8 mgo/lO mlo ThereforOp a t o t a l of 9 o l mgo/lO mlo 
would be the e f f e c t i v e increase I n weight due t o t h e 
d i s s o l u t i o n of t h e . k a o l i n i t e c r y s t a l l a t t i c e w i t h a c e t i c 
aoido 
The main weight gain d u r i n g the r e a c t i o n between 
k a o l i n i t e and a c i d sodium f l u o r i d e s o l u t i o n s would be 
due t o the i n t r o d u c t i o n o f f l u o r i d e ions i n t o the a c e t i c 
a c i d s o l u t l o n o 
100 
1 o 6 Mo HP 
OoUO Mo HP 
OokO Mo HP 
(Na-kaolinite) 
Temperatureoooo 2(f0, 
— r -
7 2 96 120 144 168 
Reaction Tixse (hrso) 
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P I & o 1 4 o Dissolution of k a o l i n l t e i n aqueous solutions of.hydrofluoric acido 
2 1 6 240 
9 0 
K o 3 o Reaction w i t h Aqueous H y d r o f l u o r i c Acid 
T h e ^ r e s u l t s obtained d u r i n g the r e a c t i o n between 
H - k a o l i n i t e and Na«-kaolinite and s o l u t i o n s of aqueous 
h y d r o f l u o r i c a c i d a t temperatures of 2 0 ^ 0 and 5 0°C are 
ta b u l a t e d i n TABLES 1 - 2 and represented g r a p h i c a l l y i n 
P I G S . 1 3 - 1 4 o The e f f e c t of the v a r i a t i o n i n the aaid -^i. 
c o n c e n t r a t i o n and temperature c o n d i t i o n s arie f a i r l y 
markedo A p l o t of the percentage residue per 1 0 0 mgo of 
k a o l i n i t e (abscissa) aga i n s t r e a c t i o n time ( o r d i n a t e e ) 
on a semilogarithmio scale f o r ^ h y d r o f l u o r i c a c i d concen-
t r a t i o n range of 0 o 4 0 to lo6o gmomoleo/litre a t both 
temperatures i s shown i n F I G S . 1 5 - l 6 o 
Since two d i s t i n c t slopes were obtained f o r each a c i d 
o o n c e n t r a t i o n , i t would appear t h a t there are two r e a c t i o n 
rateso The f a s t - r e a c t i o n r a t e , which d i s s o l v e d between 
2 0 5 ^ and 4 0 ^ of k a o l i n i t e (depending upon the temperature) 
w i t h i n the f i r s t f o u r hours of the experiment^ was 
pbsei^ved t o be independent of a c i d c o n c e n t r a t i o n and 
r e a c t i o n temperaturoo The s l o w - r e a c t i o n r a t e ^ which 
d i s s o l v e d up t o 9 7 o 3 5 t of the k a o l i n i t e j , was found t o be 
dependent upon the a c i d c o n c e n t r a t i o n and r e a c t i o n tem-
peratureo Approximate r a t e r e a c t i o n constants were 
computed f o r both types o f reactionso A value of 0 o 2 hro"' 
100 
§ 40 
CO 
a> 
s, 
o 0) 
04 
4 = OoOOif hr. 
• = 0«40 M. HP 
X ^ OoSO M. HP 
o = 1.20 M. HP 
^ = 1«60 M. HP 
20 
Temperatureoooo 2 0 ^ C b 
P I G » 1 5 o SemllogarithiDic p l o t of the 
percentage residue against 
reaction'time f o r the reaction 
between k a o l i n i t e and hydrofluoric 
acido 
- 1 6 ' 3 2 48 . " '64 80 
Reaction Time (hrso) 
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P I C o l 6 o Semilogarithmic p l o t of the percentage 
residue against reaction.time f o r the 
reaction between k a o l i n i t e and 
hydrofluoric- a6id< 
HP 
HP 
HP 
HP 
S) 
100 
20 
|k = Oo2 litre/gmoinoleohr 
o = Oo40 Mo HP 
X = Oo80 Mo HP 
o = 1o20 Mo HP 
£X= 1o60 M. HP 
ep k i o 2 = OoOOif litre/gEomoleohr. 
Temperatureoooo 20^C ki(.a= O0OO7 litre/gmomoleohTo 
PI&0I7, Semilogarithmio plot of the percentage 
residue against the product of reaction time 
and HP a c i d concentratioh f o r the reaction 
between k a o l i n i t c and hydrofluoric acido 
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FIG. 18 Semiloganthmic plot of the percentage 
rssidu© against the product of reaction 
time and HP a c i d concentration f o r the 
reaction between k a o l i n i t e and 
hydrofluoidc a c i d 
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was computed f o r the f a s t - r e a o t l o n a t both temperatures and 
a l l of the aold oonoentrations; v a l u e s f o r the elow-reaotion 
are given i n P I G S o l 5 « l 6 o A p l o t of the percentage r e s i d u e 
per 1 0 0 mgc of k a o l i n i t e ( a b s o l s s a ) a g a i n s t the product 
of r e a c t i o n time and a c i d c o n c e n t r a t i o n (TABLKS 3 - 4 ) on 
a s e m i l o g a r i t h m i c paper, i n d i c a t e d t h a t a t the lower temp-
a r a t u r e ( 2 0 ^ 0 ) the slope computed f o r the s l o w - r e a c t i o n 
iQas independent of a c i d c o n c e n t r a t i o n w i t h i n the concen-
t r a t i o n range 0 o 4 0 to i o 2 0 gmomoleo/litre ( P I G o l ? ) * , 
However, the slope was s t i l l dependeJit upon temperaturep 
as i l l u s t r a t e d by P I Q S o 1 7 - 1 8 o 
The r e a c t i o n w i t h Ha«kaolinite was v e r y s i m i l a r w i t h . 
the e x c e p t i o n t h a t the percent of k a o l i n i t e d i s s o l v e d 
was somewhat l e s s f o r the N a - k a o l i n i t e than i t was f o r 
the H - k a o l i n i t o , under the ssune experimental c o n d i t i o n s 
{ P I G 0 I 3 ) 0 
K o 3 a o ' E f f e c t of s t i r r i n g s -
P a r t i c l e sizSp shape, and 
d i s t r i b u t i o n q u i t e o f t e n r u l e the k i n e t i c s of heterogen-
eous r e a c t i o n s and induce n o t i c e a b l e v a r i a t i o n s i n the 
amount of substance e n t e r i n g i n t o s o l u t i o n o Consequently, 
i t was thought n e c e s s a r y to i n v e s t i g a t e the e f f e c t of 
the r a t e of s t i r r i n g on the r e a c t i o n between k a o l i n i t e 
2 0 0 3 0 0 
Rate of Stir r i n g 
4 0 0 
(RPM) 
PIG0I9. Effect of stirrizig on the rate of dissolution of kaolinite 
during th© f i r s t hour of the reaction between kaolinite. and 
a solution of hydrofluoric acid ( I o 2 0 Mo HP)© Reaction 
carried out at a temperature of 2 0^Co ' 
9 2 
and aqueous s o l u t i o n s of h y d r o f l u o r i o aoid a t the lower 
temperatureo 
1 0 0 mgo of H - k a o l l n l t e were suspended i n 1 0 ml6 of 
l o 2 Mo s o l u t i o n of h y d r o f l u o r i c aoldo D e t a i l s of the 
dimensions of the polythene paddle, etoop are given i n 
TABLE 6o The sedimentation volume ( S c V i ) a t 2 0 ^ 0 i n 
h y d r o f l u o r i o aoid was observed to be JoO omo^gmo"^ a f t e r 
one houro The SoVo v a l u e was u n a l t e r e d a f t e r 24 hourso 
The amount of k a o l l n i t e brought i n t o s o l u t i o n was expre s -
sed as a percentage per 1 0 0 mgo of k a o l i n i t a , the r e a o t i o n 
being I n v e s t i g a t e d only f o r the f i r e t . h o u r of the r e a c t i o n , 
An e l e c t r i c . m p t o r p geared to give r e v o l u t i o n s between 
1 0 0 - 7 0 0 Rm, ( s t a n d a r d i s e d a g a i n s t a tachometer) was 
employed to s t i r the suspensionso The r e s u l t s are i l l u s -
t r a t e d g r a p h i c a l l y i n FIGol9o The amount of k a o l i n i t e 
e n t e r i n g i n t o s o l u t i o n appears to reach a l i m i t i n g v a l u e 
a t a r a t e of s t i r r i n g of approximately 5 0 0 RPMo 
Although the e f f e c t of p a r t i c l e s i z e and shape on the 
r e a c t i o n were not i n v e s t i g a t e d , i t was known t h a t the 
p a r t i c l e s of k a o l i n i t e were extremely w e l l c r y s t a l l i n e 
and had an SoSodo of l e s s than 2 ^ o 
K o 3 b o Chemical a n a l y s e s s -
Chemical a n a l y s i s on the 
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r e s i d u e s a f t e r hydrof l u o r l o e^ c Id treatment were c a r r i e d 
out on s e l e c t e d eampleso The a n a l y t i o e i l t e c h n i q u e s have 
been given elsewhere i n t h i s work (Chapter 4, Part=2p 
S e c t i o n - 2 ) o The experimental r e s u l t s are summarised i n 
C o n s i d e r a t i o n of the mole»ratios i n d i c a t e d t h a t the 
AlgO^/HgO moleoratio remains p r a c t i c a l l y c o n s t a n t w i t h 
r e a c t i o n time a t the lower temperature (20°C)j, but dec-
r e a s e s r a p i d l y a t the h i g h e r temperature (50°C)o I t 
would appear t h e r e f o r e , t h a t aluminium ions are being 
p r e f e r e n t i a l l y removed from the k a o l i n i t e c r y s t a l l a t t i c e 
a t the h i g h e r temperaturso T h i s i s . confirmed by c o n s i d e r i n g 
the SiOg/AlgO^ molec-ratio a t both temperaturesp where 
not only does the Si02/Al203 m o l e o r a t i o d e c r e a s e s r a p i d l y 
to zero, but a l s o g i v e s a f i n a l SiOg/HgO mole o r a t i o of 
2slo I t was observed t h a t the potassium c o n c e n t r a t i o n 
of the t r e a t e d k a o l i n i t e r e s i d u e s i n c r e a s e d with both 
i n c r e a s e i n the a c i d c o n c e n t r a t i o n and i n the r e a c t i o n 
temperatureo 
The percentage l o s e on i g n i t i o n f o r the t r e a t e d 
k a o l i n i t e samples were found to be above the t h e o r e t i c a l 
and the experimental v a l u e s f o r k a o l i n i t e ( 1 4 o l ^ ) o The 
v a l u e s were found to vary from lZo9^ to 1 8 o 9 ^ o 
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KOJQO X ^ r a y - d i f f r a o t l O D data?° 
Samples were s e l e c t e d 
i n order to cover a wide range of r e a c t i o n time f o r a 
given h y d r o f l u o r i c a c i d conoentrationo The d i f f r a o t o m e t e r 
was employed to i n v e s t i g a t e the nature of the s o l i d phase 
a f t e r d i s s o l u t i o n and to study the change i n the r e l a t i v e 
I n t e n s i t i e s of the x-ray r e f l e c t i o n s from the b a s a l r e -
f l e c t i o n s corresponding to spaoinge of 7 o l 2 ° A o ( 0 0 1 ) and 
3o58*^Ao ( 0 0 2 ) 0 R e l a t i v e i n t e n s i t i e s of these r e f l e c t i o n s 
were, estimated from the a r e a beneath the d i f f r a c t i o n 
peaks ( 8 9 ) o 
Each specimen was scanned from 0- a 2 ° to ^ 9 3 2 ^ a t 
the r a t e of 1 / 3 ° P©r minute*. Although l a t t i c e spaoings 
up to 3 0 ° A o ard e a s i l y recorded with a high degree of 
accnracyp i t i s general accepted t h a t the r e c o g n i t i o n 
of weak r e f l e c t i o n s by t h i s method causes d i f f i o u l t i e e 
and u n c e r t a i n t i e s i n the a c c u r a c y of the epaoings ( 1 8 3 ) o 
Photographic methods enable weak r e f l e c t i o n s to be r e . 
corded and s m a l l e r spacinge to be determined a c c u r a t e l y ^ 
I n a d d i t i o n ^ the p r e p a r a t i o n of the specimens f o r the 
powder camera ( p o 7 1 ) enables a non-orientated specimen 
to be examinedo 
The v a r i a t i o n i n the r e l a t i v e i n t e n s i t i e s of the 
x-ray r e f l e c t i o n s at both temperatures from the epacinge 
^ 1.2 
Reaction Time =• 1 hour 
20°Co C Oo8 1 
ci» 0o6 
Reaction Time = 24 hours. 
Aoo amorphous 
0 
PIGo20o 
0 o 4 0o8 1e2 1o6 
Reaction Tim© c 4 hours« 
<3 
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Reaction Time = 72 hours 
5 I c O 
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0 , 4 0 . 8 
Concentration of Hydrofluorio Aoid (gmomolec/litrej 
1 . 2 1 . 6 
Variation in the relative intensity ratio of the 001 ( 7 . 1 5 ° A . ) and 0 0 2 (3.57**A.) x=>ray 
reflection peaks of kaolinite-with HF #icid concentration, temperature and reaction time, 
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corresponding to the 0 0 1 and 0 0 2 b a s a l r e f l e o t i o n e of 
k a o l i n i t e are t a b u l a t e d i n TABLB 1 0 and i l l u s t r a t e d 
g r a p h i c a l l y i n F I G » 2 0 o 
The experimental r e s u l t s i n d i c a t e t h a t the 0 0 1 / 0 0 2 
r e l a t i v e i n t e n s i t y r a t i o tended to decrease from an 
i n i t i a l v a l u e of 1,6 1 2 to sero or to a specimen which 
was amorphous to x»ray8o I n c r e a s e i n the r e a c t i o n timop 
temperaturop and h y d r o f l u o r i c a c i d c o n c e n t r a t i o n tended 
to d i m i n i s h the 0 0 1 / 0 0 2 r a t i o from i t s i n i t i a l valuoo 
Both d i f f r a o t o m e t r y and powder oeanera i n v e s t i g a t i o n s 
f a i l e d to show the presence of any new r e f l e o t i o n s o 
K c 3 d o I n f r a r e d a b s o r p t i o n spectrosoopvs-
3d, i The spectrum of the t r e a t e d kaolihite£«> 
K a o l i n i t e 
samples which had r e c e i v e d treatment w i t h aqueous s o l u t i o n s 
of h y d r o f l u o r i c a c i d a t the lower temperature ( 2 0 ^ 0 ) 
showed v e r y l i t t l e ohange i n t h e i r i n f r a r e d a b s o r p t i o n 
speotrumo There was however an i n d i c a t i o n t h a t the absorp^ 
t i o n band a t 6 o l/4had i n c r e a s e d i n a b s o r p t i o n s l i g h t l y , 
although the 2 o 7 2 ^ b a n d had decreased i n i n t e n s i t y w i t h 
r e a c t i o n timoo (The * f i n g e r p r i n t region^ of the k a o l i n i t e 
epeotrum had decreased i n i n t e n s i t y as w e l l as the 2 o 7 2 y u 
a b s o r p t i o n bando) A f t e r 1 2 0 hours i n O o 4 0 Mo h y d r o f l u o r i c 
WAVTCT.TJNrrPH (JL) \ K 7 8 9 10 11 12 15 ^L I S 
— f — 1 r h 1 1 1 — •• •• 1 - » — — 1—: i r -— 1 "-h "T , t ' ^ 1 1 1 \ - } • . 
3000 1400 2000/1800 1600 
WAVENDMBER 
SPECTRUM Noo3o Infrared apeotrum of kaolinite after 24 hours in t^drofluoric aold (0«40 M.) at 50^C 
1 0 0 
20(K)/1800 ' 
WAVENUMBER 
SPECTRUM Noo4o Infrared absorption spectrum of kaolinite after 9 6 hours in hydrofluoric aoid (OoifO M.) at 50^C, 
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a c i d a t 20*^ 0 i t was found t h a t the hydroxyl c o n c e n t r a t i o n 
i n the s o l i d phase had decreased by 35-42^o At the 
higher temperature there was a marked change i n the k a o l -
i n i t e a b s o r p t i o n spectrumo W i t h i n the f i r s t 4 hours 
of the r e a c t i o n commencing weak a b s o r p t i o n bands had 
appeared a t 3o08yC»(3250 omo"-^ ) and a t 6o03^(l66o omo"^)o 
A f t e r 24 hours the above a b s o r p t i o n bands were more 
pronounced, the a b s o r p t i o n band a t 2o70/^ having decreased 
a p p r e c i a b l y (Spectrum No«3)« A f t e r 96 hours w i t h the 
weakest s o l u t i o n of h y d r o f l u o r i c a c i d (0*40 M.), the 
' f i n g e r p r i n t region' I n the k a o l i n i t e spectrum had d i s -
appeared • A broad, strong, a b s o r p t i o n band was found 
i n t h i s p a r t of the spectrum w i t h i t s maximum a b s o r p t i o n 
o c c u r r i n g a t 8o95^(1120 om^'^)o The 2o70ywand the 2o75yu 
abs o r p t i o n bands had a l s o disappeared.. I n t h e i r p l a c e 
appeared a s i n g l e , broad, a b s o r p t i o n band with i t s mskx-
imum a b s o r p t i o n a t 2o95yu(3400 cm*.""^ ) « The t h r e e absorp-
t i o n bands a t 12*5^p 13o2y>i , ^ *ind had emerged 
i n t o a s i n g l e absorption band w i t h i t s maximum a b s o r p t i o n 
o c c u r r i n g a t 1263yt«(815 o m ^ • ( Spectrum No.4) 
The a b s o r p t i o n band a t 8*95 was a s s i g n e d to the 
deformation v i b r a t i o n of -S1-0&, whereas the 2o95/* band 
was a s s i g n e d to the hydroxyl (OH) s t r e t c h i n g v i b r a t i o n 
of -Sl-OH ( 1 7 9 ) 0 The two a b s o r p t i o n bands a t 3<»08yiA and 
B 1,2-
8 
(m
eq
./
 
loO-
a 
M ID ja 
Oi 
• 
0 . 8 -
H 
w 
CO 0) 
4* 
a 
o 
Oo6" 
M 
Q 
00 O 
0 o 4 -
0 
-p (d Oo2. 
Hy
dr
o3
 
/ 
Kaolinite OH/P ratio = 0.18 
X = Reaction with SOLUTION A at 20*^00 
o = Reaction with SOUJTION A at 50°Co 
o = Reaction with HF acid ( 0 e 4 M«) at 
20°Co 
A = Reaction with HF acid ( 0 o 4 Mo) at 
50^Co 
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Fluoride Loss from Solution (meqo/lOO mgo) 
FIGo21o Relationship between the OH loss from the ciystal lattice ( I . R J and the fluoride loss from solution to the solid phaseo 
I 
4 o 5 
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6 o 0 3 y L A were assigned to p h y s i c a l l y adsorbed water r a t h e r 
than to the HPp P " v i b r a t i o n s ( s e e r e a c t i o n between 
k a o l i n i t e and hydrogen f l u o r i d e vapour)o 
3dp i i Study of the OH peak-depth r a t i o s -
A study 
of the 'peak-depth r a t i o ' of the hydroxyl bands a t 2 o 7 5 y u 
and 2 o 7 0 ( a f t e r Lyon and Tuddenham T^) f o r v a r i o u s 
specimens i n d i c a t e d t h a t the r a t i o (known as the A/B 
r a t i o ) l a y between l o 2 and 1^5 (TABLE 7 ) ^ Suoh a r a t i o 
would appear to i n d i c a t e t h a t the d i s s o l u t i o n of the 
k a o l i n i t e c r y s t a l l a t t i c e was uniform and probably due 
to a 3-dimensional ( t o j ^ o t a t i c ) a t t a c k on the c r y s t a l s 
(The A/B r a t i o c h a r a c t e r i s t i c of k a o l i n i t e a c c o r d i n g to 
Lyon and Tuddenham should f a l l between 1 ^ 2 and lo^o) 
Samples of k a o l i n i t e which had been s u b j e c t e d to hydro-
f l u o r i c aoid f o r p e r i o d s longer than 2 4 hours g e n e r a l l y 
showed a s l i g h t i n c r e a s e i n a b s o r p t i o n a t Jol^ and Jo^S^ 
3 d o i i i Study of the OH c o n c e n t r a t i o n a t 7 o 2 > * s -
The r e s u l t s of t h i s i n v e s t i g a t i o n are t a b u l a t e d i n 
TABLE 1 0 and represented g r a p h i c a l l y i n P I G o 2 1 o 
A OH/P r a t i o having a v a l u e of 0 o l 8 was computed from 
P I G o Z l ( f o r both t e m p e r a t u r e s ) o 
PLATE 7 
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K0 3eo E l e c t r o n microscopy examinatlong-
Examination of 
the k a o l i n i t e residue a t low m a g n i f i c a t i o n i n the e a r l y 
stages of the r e a o t i o n ( w i t h i n the f i r s t 4 hours) a t 
2 0 ^ 0 f a i l e d to show any evidence of attaofco Howeverp 
i n d i v i d u a l c r y s t a l examination a t a high m a g n i f i c a t i o n 
i n d i c a t e d t h a t the k a o l i n i t e was i n f a c t undergoing 
decomposition even w i t h the weakest s o l u t i o n of hydro-
f l u o r i c acldo P l a t e 7 i s an e l e c t r o n micrograph o f a 
s i n g l e k a o l i n i t e c r y s t a l which has heen s u b j e c t e d to 
h y d r o f l u o r i o a c i d ( O o 4 0 M o ) o The k a o l i n i t e has under-
gone a p p r e c i a b l e a t t a c k a t the edges and a t the b a s a l 
f a c e s of the c r y s t a l and appears to be surrounded by 
c o l l o i d a l m a t e r i a l o Within t h i s c o l l o i d a l m a t e r i a l or 
membrane are smallp s p h e r i c a l ^ p a r t i c l e s , approximately 
35 m^ i n dlametero Prolonged exposure of such c r y s t a l s 
to the e l e c t r o n beam caused the c o l l o i d a l membrane to 
s w e l l but not to d i s r u p t ( P l a t e 8 ) o Examination of the 
IndividueLl k a o l i n i t e c r y s t a l s a t a l a t e r stage of the 
r e a o t i o n (72 hours) f a i l e d to r e v e a l the presence of 
a c o l l o i d a l membranCo I n s t e a d , the k a o l i n i t e c r y s t a l s 
showed p r e f erentieQ. a t t a c k where ^ sof t ' i n c l u s i o n s or 
zones had apparently been d i s s o l v e d and had l e f t ^holes* 
behindo P l a t e 9 shows such an a t t a c k (sample has been 
PLATE 9 
PLATE 1 0 
r 
9 9 
shadowed w i t h palladium metal a t 1 5 ° to the h o r i s o n t a l ) ^ 
The ' h o l e s ' or ' e t o h - p i t e ' d i d not appear to he arranged 
i n any form of group or l i n e on the o r y s t a a surfaoOo 
I n the v i c i n i t y of the a t t a c k e d o r y s t a l s p i n d i v i d u a l , 
spherioalp p a r t i o l e s p resembling the i n o l u s i o n p a r t i c l e s 
observed e a r l i e r i n P l a t e 7 p were found d i s p e r s e d among 
the k a o l i n i t e o r y s t a l s o 
At the higher temperaturOj, the k a o l i n i t e c r y s t a l s 
showed t h e i r c h a r a c t e r i s t i c hexagonea shape only w i t h i n 
t h e - f i r s t 4 hours of the r e a c t i o n oommencingp and even 
then, s m a l l spherioalp p a r t i c l e s were observed at the 
edges of the c r y s t a l s ( P l a t e 1 0 ) o A f t e r the I n i t i a l 
4 hours of the r e a c t i o n ; the hexagonal k a o l i n i t e c r y s t a l s 
d i s r u p t e d i n t o a m a s s of s p h e r i c a l p a r t i c l e s ( P l a t e 1 1 ) o 
E l e c t r o n d i f f r a c t i o n examination of the a t t a c k e d 
c r y s t a l s r e v e a l e d only the c h a r a c t e r i s t i c , hexagonal, 
e l e c t r o n d i f f r a c t i o n p a t t e r n of l a y e r s i l i c a t e s ^ 
Examination of the ' u n r e a o t i v e ' r e s i d u e ( 2 o 7 ^ ) obtained 
at the end of the r e a c t i o n between k a o l i n i t e and t h e 
stronger s o l u t i o n s of h y d r o f l u o r i c a c i d , r e v e a l e d the 
presence of thlnp platyp o r y s t a l s o These c r y s t a l s were 
thought to be c r y s t a l s of m ica ( P l a t e 1 2 ) o 
K o 3 f o Formation of ureaa»kaollnite complex: 
K a o l i n i t e 
PLATE 1 1 
PLATE 1 2 
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i s known to reaot w i t h c e r t a i n sodiunip potaesiunip and 
rubdium s a l t s to form i n t e r c a l a t i o n compounds (184)o 
S i m i l a r i n t e r c a l a t i o n complexes have been r e p o r t e d by 
Weiss (185) u s i n g s a t u r a t e d s o l u t i o n s of ureSo According 
to the author a s a t u r a t e d s o l u t i o n of u r e a expands the 
k a o l i n i t e l a y e r s from a b a s a l s p a c i n g of 7 o 2^Ao to a 
b a s a l spacing of 1 0 o 7 ° A o due to the p e n e t r a t i o n of the 
u r e a molecule i n t o the J c a o l i n i t e c r y s t a l l a t t i o c o The 
u r e a can be recovered q u a n t i t a t i v e l y by l e a c h i n g w i t h 
watcTp although an I n t e r m e d i a t e stage w i t h a b a s a l spac-
in g of 8o3^Ao oan be achievedby c a r e f u l and incomplete 
washing with watero 
Experiments were c a r r i e d out with specimens of k a o l -
i n i t e t h a t had r e c e i v e d f l u o r i d e treatment i n an attempt 
to prepare u r e a - k a o l i n i t e complexese 
Samples were suspended i n 5 0 mlo s o l u t i o n s of s a t u r a t e d 
u r e a f o r 10 days a t a temperature of 5 0^Co (The u r e a 
s o l u t i o n s were i n i t i a l l y a d j u s t e d to approximately pH Bo) 
A f t e r 10 days, the samples were removed from the 5 0 ^ C 
e l e c t r i c oven and f i l t e r e d ^ , but not washedp and d r i e d at 
5 0 ° C a l l w i t h i n a period of 1 houro 
X-ray d i f f r a c t i o n and i n f r a r e d a b s o r p t i o n s p e c t r o -
scopy examination of the supposed urea-complexes i n d i c a t e d 
t h a t k a o l i n i t e which had p r e v i o u s l y been t r e a t e d w i t h 
1 0 1 
aqueous s o l u t i o n s of h y d r o f l u o r i c a c i d (and i n c i d e n t a l l y 
a l s o w ith a c i d sodium f l u o r i d e s o l u t i o n s ) was s t i l l 
capable of forming a urea«kaolinlte complexo The form-
a t i o n of such a complex may w e l l be due to the r e a c t i o n 
between u r e a Gtnd unreacted k a o l i n i t e o 
A urea»kaolinite complex was a l s o found to be complet-
e l y s t a b l e on being suspended i n a s a t u r a t e d s o l u t i o n 
of sodium f l u o r i d e a t 5 0°C f o r 1 0 dayso There was no 
evidence of new b a s a l spaoings, other than the spaolngs 
corresponding to a u r e a - k a o l l n l t e o 
Summary 
lo A Po./P value of I I 0 6 was evaluated w i t h i n the f i r s t 
1 5 days of the r e a c t i o n between k a o l i n i t e and a n e u t r a l 
sodium f l u o r i d e solutiono X-ray d i f f r a c t i o n t r a c e s 
i n d i c a t e d t h a t a new s o l i d phase was p r e s e n t ( c r y o l i t e ) o 
2 o A c o r r e c t e d Pg/P v a l u e of 2 5 o 5 was computed f o r the 
r e a c t i o n between k a o l i n i t e and a c i d sodium f l u o r i d e 
s o l u t i o n s a t both temperatureso X-ray d i f f r a c t i o n and 
i n f r a r e d a b sorption spectroscopy I n v e s t i g a t i o n s r e v e a l e d 
the presence of two new s o l i d phases; c r y o l i t e and sodium 
f l u o r o s l l i o a t e o 
Jo E l e c t r o n microscopy examination of the k a o l i n i t e 
1 0 2 
r e v e a l e d the presence of smallg s p h e r i c a l ^ p a r t i c l e s 
d i s p e r s e d among the k a o l i n i t e o r y s t a l s o These p a r t i c l e s 
were b e l i e v e d to be p a r t i c l e s of c o l l o i d a l s i l i o a o 
4e Two r e a c t i o n r a t e s have been observed d u r i n g the 
r e a c t i o n between k a o l i n i t e and aqueous s o l u t i o n s of 
h y d r o f l u o r i c acido The f a s t r e a c t i o n r a t e was found to 
be independent of r e a c t i o n temperature and a c i d ooncen-
t r a t i o n o The slow r e a c t i o n r a t e , a l t h o u g h independent 
of the product of r e a c t i o n time and a c i d c o n c e n t r a t i o n 
up to a Acid c o n c e n t r a t i o n of i o 2 0 gmomoleo/litrep 
was found to be s t i l l dependent upon temperatureo 
5 e Chemical a n a l y s i s p i n f r a r e d a b s o r p t i o n spectroscopy, 
and x - r a y d i f f r a c t i o n i n v e s t i g a t i o n s i n d i c a t e d t h a t 
there was a p r e f e r e n t i a l l o s s of aluminium from the 
k a o l i n i t e c r y s t a l l a t t i c e a t the hi g h e r temperature, 
the f i n a l product being hydrated s i l i c a o 
6 d The d i s s o l u t i o n of a Ha«kaollnite was observed to be 
l e s s than f o r the d i s s o l u t i o n of a H - k a o l i n i t e under 
the same experimental conditionso 
7 f l The remaining 2 o 7 S ^ i n s o l u b l e m a t e r i a l a t the 
end of the r e a c t i o n was b e l i e v e d to be un r e a c t e d mloao 
Ba The amount of k a o l i n i t e e n t e r i n g i n t o s o l u t i o n was 
found to be dependent upon the r a t e of s t i r r i n g of the 
k a o l i n i t e euspensiono 
1 0 3 
9 o I n the e a r l y s t a g e s of the r e a c t i o n a c o l l o i d a l 
membrane surrounded each i n d i v i d u a l k a o l i n l t e o r y s t a l o 
Within the membrane were small^ s p h e r l o a l p p a r t i o l e s o 
Exposure of the o r y s t a l s to the e l e c t r o n beam caused 
the c o l l o i d a l membrane to ewellp but not disr u p t o 
1 0 , I n the l a t e r s t a g e s of the r e a c t i o n the p a r t i c l e s 
had d i s r u p t e d from the membrane and entered i n t o s o l u t i o n ^ 
t h i s nas even more pronounced a t the h i g h e r temperature« 
J 
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BPPECT OP ACID PLUORIDB SOLUTIONS ON FELSPAR 
Polo R e a c t i o n w i t h N e u t r a l Sodium F l u o r i d e 
R e a c t i o n s between p o t a ^ f e l s p a r ( o r t h o o l a e e ) and 
n e u t r a l s o l u t i o n s of sodium f l u o r i d e were c a r r i e d out 
over a p e r i o d of three nipnths a t 2 0 ° C c The r e a c t i o n s 
were i n v e s t i g a t e d by employing the weight g a i n or weight 
l o s s teohniquOo 
During the r e a c t i o n the pH of the sodium f l u o r i d e 
s o l u t i o n was found to i n c r e a s e w i t h r e a c t i o n timso I t 
was found t h a t the percentage weight gain (Pg) p l o t t e d 
a g a i n s t the f l u o r i d e l o s t from s o l u t i o n (P) gave approx-
imately a s t r a i g h t l i n e graph having a slope (Pg/P) of 
4o2 ( P I G . 9 ) o 
U n f o r t u n a t e l y , i n f r a r e d a b s o r p t i o n spectroscopy 
e l e c t r o n microscopy,and x - r a y d i f f r a c t i o n i n v e s t i g a t i o n s 
of the f e l s p a r r e s i d u e s y i e l d e d v e r y l i t t l e i n f o r m a t i o n 
as to the nature of the r e a c t i o n . 
1 0 5 
Po2o Re a c t i o n w i t h A c i d Sodium F l u o r i d e 
The I*g/P r a t i o f o r the r e a c t i o n between f e l s p a r and 
a c i d sbdium f l u o r i d e s o l u t i o n s (SOLUTION A) a t 20^0 arid 
a t 5 0°G are i l l u s t r a t e d g r a p h i c a l l y i n PIGe22o At the. 
lower temperature a P„/P v e l u e of 1 9 o 2 was computed f o r 
o 
the - r e a c t i o n ; a t the h i g h e r temperature the P^/P v a l u e 
had decreased,to 14«>. S i n c e these v a l u e s were not 
t r u e Pp./F v a l u e s (due to the s o l u b i l i t y of sodium f l u o r o -
s i l i c a t e ) i t was n e c e s s a r y to add the c o n c e n t r a t i o n of 
s i l i c a i n s o l u t i o n , as sodium f l u o r o s l l i o a t e , f o r a given 
r e a c t i o n time, to the i n i t i a l observed Pg valueso (TABLE 1 5 ) 
A v a l u e of 20^ 6 was computed f o r the c o r r e c t e d Pp./P r a t i o . 
The c o n c e n t r a t i o n of s i l i c a , expressed a s sodium 
f l u o r o s l l i c a t e , e n t e r i n g i n t o s o l u t i o n at both temperatures 
i s shown g r a p h i c a l l y by P I G , 2 3 o A f t e r 24 hours the 
f l u o r i d e s o l u t i o n had become s a t u r a t e d w i t h r e s p e c t to 
sodium f l u o r o s i l i o a t e and had reached an e q u i l i b r i u m 
c o n c e n t r a t i o n of 8 o 0 mgo Na^SiP^/lO mlo of s o l u t i o n a t 
20^C« A f t e r 7 2 hours, and a t the higher temperature 
( 5 0 ^ 0 ) , an e q u i l i b r i u m c o n c e n t r a t i o n of approximately 
1 7 mgo Na2SlP^/lO mle of s o l u t i o n was obtained* P I G * 2 5 , 
however, i l l u s t r a t e s f l u o r i d e i o n s are s t i l l b e i ng removed 
1 0 0 i 
= 1 9 o 2 
P V P = 1 4 o 3 (SO^Co) 
* The i n i t i a l P values have been 
corrected for^sodium f l u o r o s i l i o a t e 
i n solutioho Correction made a t 
both temperatures 
Fluoride Loss from Solution (meqo / 100 mgo) 
PIGo22o Plot of the P values against P values f o r the. reaction'between 
potash-folspaf and SOLUTION Ao The reaction was c a r r i e d out over 
a period of 2 i ^ hoiirso . 
20 
0 = Reaotion with 0o40 Mo HF at 20®C 
^ = Reaction with 0o40 Mo :HF at 50°C 
X = Reaction with SOLUTION A at 20*^ C 
o = Reaction with SOLUTION A at 5(fc 
FICo23 Extraction of potassium from the felspar c r y s t a l l a t t i c e 
during the reaction between potash-felspar and SOLUTION A 
and hydrofluoric aoido Plot of K+ against reaction time 
96 120 
Reaction Time (hrso) 
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from s o l u t i o n , even although the s o l u t i o n was s a t u r a t e d 
with r e s p e c t to sodium f l u o r o s i l i c a t e . 
V a r i a t i o n i n the c o n c e n t r a t i o n of potassium i n s o l u t i o n 
w ith r e a c t i o n time and with the c o n c e n t r a t i o n of f l u o r i d e 
l o s t from s o l u t i o n to the s o l i d phase are r e p r e s e n t e d by 
FIGo23 and PIG.24o At the lower temperature the a c i d sodium 
f l u o r i d e s o l u t i o n did not become s a t u r a t e d with potassium 
Ions even a f t e r 240 houre« At the h i g h e r temperature 
s a t u r a t i o n was'more or l e e s reached a f t e r only 120 hours 
( P I G o 2 3 ) o A l i n e a r r e l a t i o n s h i p was obtained on p l o t t i n g 
the c o n o e n t r a t i o n of potassium I n s o l u t i o n ( a b s c i s s a ) 
a g a i n s t the f l u o r i d e l o s t from s o l u t i o n to the s o l i d 
phase ( o r d i n a t e ) o The K / P r a t i o a t 2 0 ° C was found to be 
JoB X 1 0 " ^ ( i o O e f o r every m i l l l e c i u i v a l e n t of potassium 
per 1 0 mlo brougi>t i n t o s o l u t i o n d u r i n g the r e a c t i o n , 
approximately 2 6 m l l l l e q u i v a l e n t s of f l u o r i d e were being 
l o s t from s o l u t i o n to the s o l i d phase,,) At the h i g h e r 
temperature ( 5 0 ^ 0 ) , the r e l a t i o n s h i p was l i n e a r i n the 
i n i t i a l s t a g e s of the r e a c t i o n ( f i r s t 4 hours) but i n -
creased s h a r p l y between 4 hours and 24 hours (d o t t e d 
l i n e i n P I Go 24)« A f t e r 24 hours the r e l a t i o n s h i p became 
l i n e a r again and gave a K / P v a l u e s i m i l a r to t h a t observed 
at the lower temperature {JoB x 1 0 * )o 
= Reaction.with 0o40 Mo HP a t 20^0, 
6 = ReaLbtion with OoW M, HF a t 5CPc 
X = Bisection with SOLUTION A a t 20°C 
o = Reaction with SOLUTION A a t 50°C 
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Fluoride Loss.from Solution (meqo/100 mgo)• 
FI&«2i|.« E x t r a c t i o n of potaaaium from the f e l s p a r c r y s t a l l a t t i c e during the 
r_ reaotion between potash-felspar and'SOLUTION A and^lyrdrofluoric acid, 
• Plot" of K* against P"^  l o s s from soiutiono ^ ' 
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o = Reaction vilth O^kO M. HF at 20°Co 
4 = Reaction with 0 , 4 0 M. HF at 50^Co 
X = Reaction with SOLUTION A at 20^Co 
0 = Reaction with SOLUTION A at 50*^0o 
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Fluoride Loss from Solution (meqo/lOO mgo) 
Extraction of s i l i c a (as sodium f l u o r o s i l i o a t e and f l u o r o s i l i o i o acid) from the c r y s t a l 
l a t t i c e of f e l s p a r during the reaction between potash-felspar and SOLUTION A and 
hydrofluoric acido Reaction c a r r i e d out over a period of 240 hours. 
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0 = Reaction with Oo40 HP at 20^C 
= Reaction with 0,40 Mo HP at 50°C, 
FI&o26o Dissolution of potash-felspar in aqueous solutions 
of ^hydrofluoric aoido 
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P o 2 a o X^ray d i f f r a c t i o n datas° 
At l e a s t two new s o l i d 
phases were detected i n the f e l s p a r r e s i d u e s a f t e r the 
reaotlOHo The x^ray d a t a obtalnefd on examination of the 
f e l s p a r r e s i d u e s a f t e r 2 4 0 hours a t both temperatures are 
t a b u l a t e d i n TABLB l 6 o The new s o l i d phases were i d e n t i f i e d 
as sodium f l u o r o a l u m i n a t e ( o r y o l i t e , s y n t h e t i c ) and sodium 
f l u o r o s i l i o a t e (Hanawalt metho'd of i d e n t i f i c a t i o n ^®^) o 
No r e l a t i o n s h i p was found between the v a r i a t i o n i n the 
peak i n t e n s i t y of the JoZJ^ko b a s a l r e f l e c t i o n and the 
oonoentration of potassium e x t r a c t e d from the f e l s p a r 
c r y s t a l l a t t i o e c 
Po2bo I n f r a r e d absorption spectroscopy and e l e c t r o n 
microscopy examinations» 
Unfo r t u n a t e l y , the i n f r a -
red a bsorption s p e c t r a of the felspeur r e s i d u e s were of 
l i t t l e value i n t h i s worko E l e c t r o n microscopy examination 
of the f e l s p a r r e s i d u e s was completely u n s u c c e s s f u l due 
to massive clumping of the f e l s p a r o r y s t a l s o U l t r a s o n i c 
v i b r a t i o n treatment f a i l e d to d i s p e r s e the aggregateso 
Fft2oo E f f e c t of a c e t i c acids 
Experiments were c a r r i e d 
108 
out to I n v e s t i g a t e the e f f e c t of a o e t i c a c i d on f e l s p a r o 
I n v e e t i g a t i o n s were c a r r i e d out with 1 0 0 mgo samples of 
f e l s p a r per 10 mlo of a o e t i c a c i d (cao 0 . 5 Mo, as used i n 
SOLUTION A) and a t a temperature of 2 0 ^ 0 and 50^0^ 
I t was observed t h a t the pH of the s o l u t i o n remained 
p r a c t i c a l l y c o nstant a t pH 2^5 throughout the re a c t i o n o 
(Both k a o l i n i t e and muscovite i n c r e a s e d the pH of the a c e t i c 
a c i d Bolutionp) The c o n c e n t r a t i o n of aluminium brought i n t o 
s o l u t i o n was estimated to be 4 0 ^ g o / l 0 mlo a t 2 0 ^ 0 and 
8 0 ^ g o / l O mlo a t 50°C a f t e r 2 4 0 hourso (Aluminium determined 
c o l o r i m e t r i c a l l y by the 'Aluminon method' 8 6,102^) rpjjQ 
c o n c e n t r a t i o n of s i l i c a and potassium i n s o l u t i o n a f t e r 
2 4 0 hours was found to be Oo26 mgo S i 0 2 / l O mlo and Oo2 x 
1 0 " ^ meqcK*/lO mlo r e s p e c t i v e l y a t both temperatureSo 
Po 3o R e a c t i o n with Aqueous H y d r o f l u o r i c Aold 
The e f f e c t of temperature on the d i s s o l u t i o n of f e l s p a r 
i n 0 o 4 0 Mo h y d r o f l u o r i c a c i d i s shown i n PIGo26o The 
percentage d i s s o l u t i o n per 1 0 0 mgo of f e l s p a r s t 50°C was 
found to l e v e l o f f a t approximately 455^  d i s s o l u t i o n a f t e r 
2 4 0 hourso As with k a o l i n i t e , i t was found t h a t a p l o t 
of the percentage r e s i d u e per 1 0 0 mg« of f e l s p a r ( a b s c i s s a ) 
a g a i n s t r e a c t i o n time on a s e m l l o g a r i t h m i c paper gave 
1 0 9 
a s t r a i g h t l i n e graph having two d i f f e r e n t s l o p e s {FIGc28)o 
The f a s t - r e a o t i o n r a t e , which d i s B o l v e d between 10-12^ of 
f e l s p a r w i t h i n the f i r s t 4 hours of the r e a c t i o n , was 
found to be independent of temperature and had a computed 
r e a c t i o n r a t e of 0^02 hro"^ The s l o w - r e a c t i o n r a t e was 
observed to be dependent upon temperature and had a 
computed r e a c t i o n r a t e of OpOOl hr*,"^ at 20^0 and Oo002 hro"^ 
at 50°Co 
From TABLK 14, the percentage weight l o s s per 100 mgc 
of f e l s p a r (P^) p l o t t e d a g a i n s t the c o n c e n t r a t i o n of 
f l u o r i d e l o s t from s o l u t i o n to the s o l i d phase (P) gave 
a l i n e a r r e l a t i o n s h i p (FlGoZlo). A P^ /^P v a l u e of 4 7 o 6 
was e v a l u a t e d from PIG<.27o 
V a r i a t i o n i n the c o n c e n t r a t i o n of potassium i n soJ.ution 
w ith r e a c t i o n time i s shown i n PIG.2^^ whereas the v a r i a t i o n 
i n the potassium c o n c e n t r a t i o n i n s o l u t i o n with the concen-
t r a t i o n of f l u o r i d e l o s t from s o l u t i o n to the s o l i d phase 
10 represented g r a p h i c a l l y i n FIG.24o Both graphs i l l u s t -
r a t e the e f f e c t of temperature on the r e a c t i o n o 
The c o n c e n t r a t i o n of potassium i n s o l u t i o n was 
observed to reach e q u i l i b r i u m w i t h the c o n c e n t r a t i o n of 
potassium i n the f e l s p a r c r y s t a l l a t t i c e a t both temperatures, 
e q u i l i b r i u m being e s t a b l i s h e d a f t e r only 48 hours a t the 
h i g h e r temperature { 5 0 ° C ) (PIGo23)o A s l i g h t i n d u c t i o n period 
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PIGo28, Semilogarithmic p l o t of the percentage r e s i d u e a g a i n s t r e a c t i o n time f o r the r e a c t i o n 
between p o t a s h - f e l s p a r and l ^ y d r o f l u o r i c acid© 
1 1 0 
appeared to be pr e s e n t a t the lower temperature { P I G o 2 3 ) c 
The potassium c o n c e n t r a t i o n i n s o l u t i o n reached a val u e 
of 7 X l o ' meqoK^/lO mlo of s o l u t i o n a t 2 0 ^ 0 , 
Approximate l i n e a r r e l a t i o n s h i p s were e s t a b l i s h e d on 
p l o t t i n g the c o n c e n t r a t i o n of potassium i n s o l u t i o n 
( a b s c i s s a ) a g a i n s t the c o n c e n t r a t i o n of f l u o r i d e l o s t from 
s o l u t i o n to the s o l i d phase ( o r d i n a t e ) , A K / P v a l u e of 
1 3 o 2 X 1 0 " ^ was e v a l u a t e d f o r the low temperature r e a c t i o n 
aind a val u e of l 6 o 7 x 1 0 " f o r the high temperature r e a c -
tlono T h i s i n d i c a t e s t h a t approximately f o r every m i l l l -
e q u i v a l e n t of potassium brought i n t o s o l u t i o n , 6 m i l l l -
e q u i v a l e n t s of f l u o r i d e are being l o s t from s o l u t i o n to 
the s o l i d phase* Below 24 hours the K / P v a l u e s were found 
to be about ten times s m a l l e r than the above v a l u e s * 
The d i s s o l u t i o n of s i l i c a from the f e l s p a r c r y s t a l 
l a t t i c e i s shown g r a p h i c a l l y i n P I G . 2 5 • The c o n c e n t r a t i o n 
of s i l i c a i n s o l u t i o n , expressed as f l u o r o s i l i c i c a c i d , 
was found to i n c r e a s e w i t h r e s q t l o n time* Temperature 
di d not g r e a t l y a f f e c t the o o n c e n t r a t i o n of s i l i c a e n t e r i n g 
i n t o s o l u t i o n (TABLE 14)o 
Fo3ae X-ray d i f f r a c t i o n d a t a ; * 
As the r e a c t i o n proceeded 
r e f l e c t i o n s f o r the m i n e r a l muscovite, i n a d d i t i o n to 
I l l 
the f e l s p a r r e f l e c t i o n s , were observed i n the d i f f r a c t o -
meter t r a o i n g s . However, powder camera photographs 
re v e a l e d the presence of s m a l l q u a n t i t i e s of muscovite 
i n the o r i g i n a l , u n t r e a t e d , f e l s p a r powder. I t appears, 
t h e r e f o r e , t h a t the d i f f r a c t o m e t e r was unable to d e t e c t 
such s m a l l q u a n t i t i e s of muscovite (probably l e s s than 
5 ^ ) i n the i n i t i a l sample due to the s h o r t i n t e g r a t i n g 
time of the Panax r a t e i e e t e r . Thus, d i s s o l u t i o n of the 
f e l s p a r w i t h h y d r o f l u o r i c a c i d appeared to have i n c r e a s e d 
the r e l a t i v e amounts of muscovite i n the f e l s p a r samples, 
hence the d e t e c t i o n of musoovite r e f l e c t i o n s as the 
r e a c t i o n proceeded. 
No evidence f o r the s y n t h e s i s of k a o l i n i t e from f e l s p a r 
( o r t h o o l a e e ) was found during the r e a c t i o n between f e l s p a r 
and aqueous s o l u t i o n s of h y d r o f l u o r i c a c i d . 
No obvious r e l a t i o n s h i p was found between the v a r i a -
t i o n i n the peak i n t e n s i t y of the 3.23*^A. b a s a l r e f l e c t i o n 
and the c o n c e n t r a t i o n of potassium e x t r a c t e d from the 
f e l s p a r c r y s t a l l a t t i c e * However, weak x - r a y r e f l e c t i o n s 
corresponding to potassium f l u o r o a l u m i n a t e were i d e n t i f i e d 
i n the d i f f r a c t o m e t e r t r a c e s . 
P. 3 t ) . I n f r a r e d a b s o r p t i o n spectroscopy: -
U n f o r t u n a t e l y , 
1 1 2 
the i n f r a r e d a b s o r p t i o n apeotra of the f e l s p a r r e s i d u e s , 
a f t e r treatment with h y d r o f l u o r i c aoidp were of l i t t l e 
v alue i n t h i s worko 
Po3oo E l e o t r o n miorosoopys <^  
E l e c t r o n mioroeoopy examination 
of the f e l s p a r r e s i d u e s was completely unsuQoessful due to 
massive clumping of the o r y s t a l s ^ U l t r a s o n i c v i b r a t i o n 
attempts t o _ d i s p e r s e the aggregates was not suooessfulo 
Summary 
lo A P-/F value of 4*2 was e v a l u a t e d f o r the r e a o t i o n 
between f e l s p a r and a n e u t r a l sodium f l u o r i d e s o l u t i o n ^ 
2 o A c o r r e c t e d P /P value of 2 0 o 6 was e v a l u a t e d f o r the 
r e a o t i o n between f e l s p a r and a c i d sodium f l u o r i d e s o l u t i o n s 
(SOLUTION A) a t both r e a c t i o n temperatureso 
3o A s a t u r a t i o n oonoentration of sodium f l u o r o s i l i o a t e i n 
s o l u t i o n of 8oO mgo/lO mlop and ly^O mgd/lO mlo was found 
f o r the r e a o t i o n a t 20*^0 and 50*^C r e s p e o t i v e l y o 
4o The a c i d sodium f l u o r i d e s o l u t i o n became s a t u r a t e d with 
potassium i o n s only at the h i g h e r temperature6 
5 o K / P r a t i o s i n d i c a t e d t h a t approximately 2 6 meq^^F'/lOO mgo 
of f e l s p a r were l o s t from s o l u t i o n to the s o l i d phase f o r 
every 1 meqoK*/lOO mgo of f e l s p a r brought I n t o s o l u t i o n ^ 
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i r r e s p e c t i v e of r e a c t i o n temperature^ 
60 Sodium f l u o r o s l u m i n a t e and sodium f l u o r o s i l i o a t e were 
i d e n t i f i e d as extraneous phases i n the f e l s p a r r e s i d u e s ^ 
7a Two r e a o t i o n r a t e s were observed f o r the r e a o t l o n 
between f e l s p a r emd aqueous s o l u t i o n s of h y d r o f l u o r l o 
a o i d a t both temperatureo The f a s t - r a a o t l o n r a t e was 
computed to have a value of 0o02 hrc""^ and was observed 
to be independent of r e a c t i o n temperature^ The slow-
r e a c t i o n r a t e was observed to be dependent upon temperature, 
a v a l u e of OoOOl h r o " l being computed f o r the r e a c t i o n a t 
20°C and a value of 0o002 hro"^ being computed f o r the 
r e a c t i o n at 50^Co 
8c A P i / P v a l u e of 47^6 was e v a l u a t e d f o r the d i s s o l n t l o n 
of f e l s p a r i n h y d r o f l u o r i c aoldo 
9o K / P r a t i o s i n d i c a t e d t h a t approximately f o r every 
6 meq.oP°/l00 mgo of f e l s p a r l o s t from s o l u t i o n to the s o l i d 
phase 1 meqoK*/l00 mgo of f e l s p a r was brought i n t o s o l u t i o n , 
i r r e s p e c t i v e of the temperatureo Below a r e a o t l o n time of 
24 hours the K/P r a t i o s were observed to be about t e n 
times s m a l l e r than the K / P r a t i o s computed i n the l a t e r 
s t a g e s of the reaotiouo 
lOo Weak x-ray r e f l e c t i o n s corresponding to the s o l i d 
phase potassium f l u o r o a l u m l n a t e were detected i n the x - r a y 
d i f f r a c t i o n p a t t e r n of f e l s p a r tn_the l a t e r s t a g e s of the 
reaotlono 
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PART-3 
EPPKCT OP ACID FLUORIDE SOLUTIONS ON MUSCOVITE 
Molo Reaction w i t h N e u t r a l Sodium F l u o r i d e 
The weight gain or weight l o s s technique was employed 
to i n v e s t i g a t e the nature of the r e a c t i o n between mueoovite 
amd a n e u t r a l s o l u t i o n of sodium f l u o r i d e o R e a c t i o n s 
were c a r r i e d out over a p e r i o d of J months at 20*^Co 
P I G . 9 i l l u s t r a t e s how the percentage weight gain 
per 100 mgo of musoovite (Pg) p l o t t e d a g a i n s t the f l u o r i d e 
l o s t from s o l u t i o n (P) gave a l i n e a r r e l a t i o n e h i p ^ A 
Pg/p val u e of 15oO was e v a l u a t e d from the l i n e a r p a r t of 
the grapho However^ above 1 5 days, the Pg/F v a l u e was 
observed to i n c r e a s e c o n s i d e r a b l y e^bove t h i s valueo 
During the r e a c t i o n the pH of the sodium f l u o r i d e s o l u t i o n 
was found to I n c r e a s e w i t h r e a c t i o n timco 
X«ray d i f f r a c t i o n i n v e s t i g a t i o n of the musoovite 
r e s i d u e s f a i l e d to r e v e a l the presence of new s o l i d phaeeso 
Mo2o Reaction w i t h Aold Sodium F l u o r i d e 
The treatment of muscovite with a c i d sodium f l u o r i d e 
Reaction with SOLUTION A at 2(fC 
Reaction with SOLUTION A at 5CPC 
Reabtion with SOLUTION A at 2CPC (corrected P values) 
* The i n i t i a l P values have 
been corrected ^ o r sodium 
fluorosilioate in solution 
PI&o29, 
0.8 1«0 1e2 1.4 
Fluoride Loss from Solution' (moqo/100 mgo) 
Plot of the P values against F values for the reaction between 
musoovite and^SOLUTION Ao 
c Reaction with OoifO Mo UF at 2(fCo 
t = Reaction with **oifO Mo HF at 50^0 
.0o3 Ooi*. 0o5 Oo6 
Fluoride Loss from Solution (meqo/lOO mge) 
PICoJOo Plot of the P- values against F values, for the reaction between 
mtcscovite and^iydrofluorio acido Reaction carried out over a 
period of 240 hours* 
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s o l u t i o n s a t both temperates (20°C and 5 0 ^ 0 ) f o l l o w e d a 
s i m i l a r p a t t e r n as i n the study of k a o l i n i t e and f e l s p a r e 
Namelyp there was a percentage weight g a i n per 100 mg of 
muscovite during the reaotiono Although a P«/P v a l u e of 
20o0 was computed f o r the r e a o t i o n at both t e m p e r a t u r S p a 
c o r r e c t e d value of 2 1 o 5 was deduced a f t e r c o n s i d e r i n g the 
s o l u b i l i t y of sodium f l u o r o s l l i c a t e (FIGo29)o 
PIGc31 i l l u s t r a t e s how the c o n c e n t r a t i o n of potassium 
i n s o l u t i o n v a r i e d - w i t h the c o n c e n t r a t i o n of f l u o r i d e 
l o s t from s o l u t i o n to the s o l i d phase^ A K / P v a l u e of 
l e 2 X 10 was computed from FIGo31o ThereforOp f o r 
approximately every 83 meqoP/lOO mgo of muscovite l o s t from 
s o l u t i o n to the s o l i d phase 1 meqoK^/lOO mgo of musoovite 
was brought i n t o solutiono 
The c o n c e n t r a t i o n of s i l i c a i n s o l u t i o n ^ expressed 
as sodium f l u o r o s i l l o a t e p was found to reach an e q u i l i b r i u m 
c o n c e n t r a t i o n of 8oO mgoNa2Sip^/lO mlo of s o l u t i o n a t 20*^0 
(PIGo32)o Although e q u i l i b r i u m c o n d i t i o n s were not q u i t e 
reached a t 50°C, an estimated c o n c e n t r a t i o n of 14 mgoHa^SiP^/ 
10 mlo of s o l u t i o n was deduced from PIGo32o 
Mo2ao X°ray d i f f r a c t i o n datag^ 
At l e a s t two new s o l i d 
phases were detected i n the t r e a t e d muscovite r e s i d u e s o 
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FIGo31. Extraction of potassium from the muscovite crystal l a t t i c e 
during the reaotion between muscovite and SOLUTION A and 
hydrofluozdc acido Plot of K* against P* loss from solution, 
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PIGo32o Extraction of s i l i c a (as sodium fluorosilicate and fluorosilioic acid) from the ciystal 
l a t t i c e of muscovite during the reaction "between muscovite and SOLUTION A and 
hydrofluoric acido Reaction carried out over a period of 240 hours. 
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The d i f f r a c t i o n data has been t a b u l a t e d i n TABLE 20o 
C r y o l i t e and sodium f l u o r o s i l i o a t e were i d e n t i f i e d a s 
extraneous phases i n the muscovite r e s i d u e s ^ although 
the presence of a t h i r d s o l i d phasep potassium f l u o r o -
alumlnatep was not conolusiveo 
Mo2bo I n f r a r e d a b s o r p t i o n epeotroscopv-S ° 
2 b p l o The musoovit.e speotrumg ° 
Spectrum N0o5 shows 
the i n f r a r e d a b s o r p t i o n spectrum of the o r i g i n a l muscovite 
used i n t h i s workp the f r e q u e n c i e s and assignments of the 
abso r p t i o n bands being summarised i n TABLE 21o 
The i n f r a r e d a b s o r p t i o n spectnam of muscovite shows 
f r e e hydroxyl (OH) ab s o r p t i o n bands at 2ol(>^[j620 omo*^) 
and a shoulder a t Zol^^O^^O omo^-^) u s i n g the S P . 2 0 0 
speotrophotometero Howeverp ther e are a f u r t h e r two 
absorption bands a t 2 o 7 5 y U and 2oT)jUo Up to 3o3yu a 
weak abs o r p t i o n band occurs, t h i s broad band being a s s i g n e d 
to hydrogen-bondingp a weak band a l s o o c c u r r i n g a t 3*.7^ 
( 2 7 0 0 cffio" )o The ab s o r p t i o n spectrum between 4o0yu and 
7o5yK i s r e l a t i v e l y f e a t u r e l e s S g except f o r two weak 
abso r p t i o n bands, at 6 o l ^ ( 1 6 4 0 cmo"-^) and 6o94y*-< 
( 1 4 4 0 cmo*^) o The former a b s o r p t i o n band u s u a l l y being 
assigned to f r e e water© Absorption begins a g a i n a t 7oO 
WAYKTiKNrrTti LM) 
ifOOO 3 0 0 0 2000/1800 ' 1600 
WAVENUMBER 
SPECTRUM Noo5o Infrared absorption apeotrum of muscovite, 
1400 
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to give a broad ' f i n g e r p r i n t ' r e g i o n w i t h i t s maximum 
a b s o r p t i o n a t 9 o 6 2 ^ ( 1 0 4 0 omo"^)* Strong a b s o r p t i o n 
a l s o ooours a t 9o9yu ( 1 0 1 0 omo°^) and a J u s t d e t e o t a b l e 
a b s o r p t i o n band a t 9 o l y u (HOC omo"'^)o T r a n s m i s s i o n 
begins to i n c r e a s e up to 1 0 o 5 y u w h e n two weak a b s o r p t i o n 
bands ooour a t 1 0 o 6 5 y u ( 9 ^ 0 omo'"'^ ) and a t 1 0 , i 9 y C i ( 9 2 0 omb"*^ ) 
Tr a n s m i s s i o n then i n c r e a s e s a g a i n up to l l o 7 ^ ^ w b e n f o u r 
a b s o r p t i o n bands ooour a t l l o 9 /*(840 om*''^)p 12o42 
(805 omo-l)p 1 3 o 2 5 y u ( 7 5 5 omo""^ ) and a t 14o3/* ( 7 0 0 omo^^)o 
2 b p i i o The t r e a t e d musoovite speotmimS"' 
I S i t h i n the f i r s t 
two hours of the r e a o t i o n the a b s o r p t i o n bands a t 12o4yu 
eoid a t 1 3 0 2 ^ ^ had s t a r t e d to ;merge together as one absor-
p t i o n bcmdo A f t e r 7 ^ hoursp only one a b s o r p t i o n band 
was p r e s e n t w i t h i t s maximum a b s o r p t i o n a t 1 3 o 2 ^ ( 7 6 0 
om6"^)o The absorption band a t 1 0 o 9 / * hod i n c r e a s e d i n 
t r a n s m i s s i o n ^ whereas^ the weak band a t 6 o 9 4 ^ h a d deoreased 
i n t r a n s m i s s i o n and had s h i f t e d s l i g h t l y to a h i g h e r 
wavelength ( 7 o O / ^ ) f An a b s o r p t i o n band was a l s o found 
to occur a t 6oO/-(l66o omo'°^)o 
At the h i g h e r temperature ( 5 0 ° C ) examination of the 
muecovite r e s i d u e s indioategl t h a t the above c o n d i t i o n s 
i n the musoovite spectrum were, reached w i t h i n the .f-^ r s t 
WAYEI.RMr,TH (AJL) ^ 
2000/1800 • 
' WAVENUMBER 
SPECTRUM N006, Infrared absorption apectrum of musoovite a f t e r 240 hours i n SOI,UTION A at SO^ C. 
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two hours of the r e a c t i o n oonnnenoingo By the end of 
the r e a c t i o n ( a f t e r 2 4 0 hours) j , the a b s o r p t i o n band a t 
13o2 ^ ( 7 6 0 omo"^) ooourred as a very s t r o n g a b s o r p t i o n 
band (Speotrum NOo6)o 
V a r i a t i o n i n the c o n c e n t r a t i o n of the h y d r o x y l (OH) 
abso r p t i o n band of the musoovite samples vji t h r e a c t i o n 
time and with the c o n c e n t r a t i o n of f l u o r i d e l o s t from 
s o l u t i o n to the s o l i d phase were i n v e s t i g a t e d . ( T A B L E 2 2 ) o 
Prom t h i s experimental data and F I G o 2 1 an OH/P r a t i o 
having a valu e of OolO was oomputedo 
The a b s o r p t i o n band o c c u r r i n g a t 1 3 o 2 y u i n the muscovite 
spectrum was assigned to the S 1 P ^ ^ ~ complex anion ( 1 7 8 j , 1 8 2 ) 
Mo2oo E l e c t r o n microscopys° 
The muscovite c r y s t a l s 
showed very l i t t l e decomposition on examination a t a 
low magnificationo However^ a t a higher m a g n i f i c a t i o n 
s m a l l p spherioalp p a r t i c l e s were observed around the 
perip h e r y of the musoovite crystetlso These p a r t i c l e s 
were b e l i e v e d to be c o l l o i d a l p a r t i c l e s of s i l i c a which 
had been produced during the d i s r u p t i o n of the k a o l i n i t e 
and not the muscovite cry _ a t a l l a t t i o e o ( K a o l i n i t e 
o r i g i n a l p r e s e n t as an impurityp oao 2 0 ^ o ) 
1 1 9 
Mo2do Sffeot of a o e t l o a c i d ; -
The experimental procedure 
f o r i n v e s t i g a t i n g the e f f e c t of a c e t i c a c i d on muaoovite 
was i d e n t i c a l to the procedures o u t l i n e d f o r k a o l i n i t e 
and f e l s p a r o I n v e s t i g a t i o n s were c a r r i e d out a t 20°G 
and 50°Co 
I t was observed t h a t the pH of the s o l u t i o n i n c r e a s e d 
s l i g h t l y above the I n i t i a l pH of 2 o 5 (pH 2 o 5 - 2o8)• 
Although the c o n c e n t r a t i o n of potassium brought i n t o s o l u t i o n 
"•2 
was of the order of 0o4 x 10* meqoK*/lO ml<, of s o l u t i o n , 
i r r e s p e c t i v e of temperature, the aluminium c o n c e n t r a t i o n 
was found to be ZT^^gc/lO ml* of s o l u t i o n and the s i l i c a 
Oojd mg./lO mlo Of s o l u t i o n a f t e r 240 hourso 
Mo 3o R e a c t i o n with Aqueous H y d r o f l u o r i c Acid 
The d i s s o l u t i o n of k a o l i n i t e and f e l s p a r i n aqueous 
s o l u t i o n s of h y d r o f l u o r i c a c i d were i n v e s t i g a t e d u s i n g 
r e l a t i v e l y d i l u t e c o n c e n t r a t i o n s of a c i d (Oo4 - lc,6 gm« 
m o l e ^ / l i t r e ) o During the study of the r e a c t i o n between 
musoovite and h y d r o f l u o r i c a c i d , only the e f f e c t of 
temperature v a r i a t i o n f o r a given a c i d c o n c e n t r a t i o n 
(0*40 gmoffioleo/litre) was i n v e s t i g a t e d o 
The e f f e c t of temperature on the d i s s o l u t i o n of 
100 
90 
80 
70 H 
6 0 
o = Reaction with 0o40 M. HP at 20°Co 
A = Reaction with O.ifO M. HP at 50**C« 
240 
• I 
120 1 6 8 1,92 9 6  1 4 4 
Reaction Time ( h r s j 
FI& o 3 3 o Dissolution of muscovite i n aqueous solutions of hydrofluoric acide 
— r — 
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1 2 0 
mueoovite i s represented g r a p h i c a l l y i n PIGo33o At the 
lower temperature ( 2 0 ^ 0 ) the percentage weight l o s ^ per 
1 0 0 mgo of muBooTite nas observed to l e v e l o f f at. a veaue 
of 305&O At the higher temperature ( 5 0 ^ 0 ) the percentage 
weight l o s s was i n the order of ^yjio 
S i m i l a r graphs to those obtained f o r k a o l l n i t e and 
f e l s p a r . o n p l o t t i n g the percentage r e s i d u e per 1 0 0 mgo 
of muscovite ( a b s c i s s a ) a g a i n s t r e a c t i o n time ( o r d i n a t e ) 
on a se m i l o g a r l t h m l c paper were obtained^ (F1G^34) 
Ex p e r i m e n t a l data has been t a b u l a t e d i n TABLE 1 7 o 
Two d i f f e r e n t r a t e s of r e a c t i o n were obeervedo The 
f a s t ^ r e a c t i o n r a t e was computed to have a val u e of 0 o 0 2 
h r ^ " ^ and was found to be independent of r e a c t i o n tempera^ 
turoo The s l o w - r a c t i o n r a t e was computed to have a 
value of OoOOl hro"^ at 20*^0 and a value of 0 o 0 0 2 hro"*^ 
a t 50°Co (PIGc34) o 
A l i n e a r r e l a t i o n s h i p was obtained on p l o t t i n g the 
percentage weight l o s s p e r 1 0 0 mgo of musoovite (P^) 
a g a i n s t the c o n c e n t r a t i o n of f l u o r i d e l o s t from s o l u t i o n 
to the s o l i d phase (P)o A F^/P value of ^6o6 was e v a l -
uated f o r the r e a c t i o n I r r e s p e c t i v e of r e a c t i o n tempera-
tureo ( P I G o 3 0 ) 
The c o n c e n t r a t i o n of potassium i n s o l u t i o n was found 
1 0 0 
6 0 
•H 
CO 0) 
S) 3 0 s 
c 
(D s 
40 
3 0 H 
24 
l c o o 4 = 0«001 hTo" a t 20^C. 
k= 0 . 0 2 hTo 
k o o 4 = 0o002 hPo" at 50°C. 
4^ 7^ 120 
Reaction Time (hrso) 
PIG. 3 4 , Semllogarithfflio p l o t of the percentage residue against reaction 
time f o r the reaction between muscovite and hyd r o f l u o r i c acid. 
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to i n c r e a s e with r e a o t i o n time andp u n l i k e f e l s p a r , d i d 
not show any i n d i c a t i o n of r e a c h i n g a s a t u r a t i o n oonoen-
tr a t i o n p even a f t e r 240 hourso (TABLE 1 7 ) • V a r i a t i o n 
of the potassium c o n c e n t r a t i o n w i t h the c o n c e n t r a t i o n 
o f ' f l u o r i d e l o s t from s o l u t i o n to the s o l i d phase i s 
represented g r a p h i c a l l y i n P I G c . 3 1 o Both r e a o t i o n graphs 
a t 20°C and 5 0 ^ C f a i l e d to r e a c h a s t a t e of e q u i l i b r i u m ^ 
At the lower temperature and a f t e r the i n i t i a l 24 hours, 
the c o n c e n t r a t i o n of potassium being brought i n t o s o l u t i o n 
i n c r e a s e d sharply^ w h i l e the f l u o r i d e c o n c e n t r a t i o n 
remained p r a c t i c a l l y c o n s t a n t a t 0 o 3 8 meqoF"/l00 mgo of 
musoovite ( P I G o 3 1 ) o At the h i g h e r temperature and a f t e r 
the i n i t i a l 24 hours^ the r e l a t i o n s h i p between the conceui^ 
t r a t i o n of potassium i n s o l u t i o n and the c o n c e n t r a t i o n of 
f l u o r i d e l o s t from s o l u t i o n to the s o l i d phase became 
almost a l i n e a r r e l a t i o n s h i p o A K/P v a l u e of 15o6 x 10"^ 
was computed f o r the r e a c t i o n a f t e r the i n i t i a l 24 hourSo 
Such a v a l u e i n d i c a t e s t h a t approximately f o r e very 
6 o 3 mcqoP'/lOO mga of muscovite being l o s t from s o l u t i o n 
to the s o l i d phase 1 meqoK'^/lOO mgo of muscovite was 
brought i n t o s o l u t i o n ^ 
F I G o 3 2 i l l u s t r a t e s the v a r i a t i o n o f the s i l i c a conoen-
t r a t i o u j , expressed as f l u o r o s i l i c i o aoidp i n s o l u t i o n 
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and the c o n c e n t r a t i o n of f l u o r i d e l o s t from s o l u t i o n 
to the s o l i d phasso S a t u r a t i o n c o n d i t i o n s ( w i t h r e s p e c t 
to f l u o r o s i l i o i o a c i d ) were not obtained d u r i n g the 
r e a c t i o n s a t 20*^0 or 50°Co 
Mo3ao X-ray d i f f r a c t i o n d a t a s -
X-ray d i f f r a c t i o n 
d a t a f o r samples of musoovite which had r e c e i v e d hydro-
f l u o r i c a c i d treatment a r e t a b u l a t e d i n TABLE 18o 
I n t e n s i t y measurements and comparisons with v a l u e s g i v e n 
i n the A.ScToMo index (181) i n d i c a t e d t h a t e i t h e r potaa^ 
sium f l u o r o a l u m i n a t e or potassium f l u o r o s i l i o a t e were 
present i n the s o l i d phase^ Eoweverp the f a i l u r e t o 
d e t e c t s t r o n g x - r a y r e f l e c t i o n s ^ t 4o70°Ao and a t 2o35°Ao 
suggested t h a t the i n t e r p l a n a r spaoings a t 2o87°Ao and 
a t 2o4a^Ao were due to potassium f l u o r o a l u m i n a t e and not 
to potassium f l u o r o s i l i o a t e ^ e v e n although the b a s a l 
sp a c i n g a t 3o00°Ao (which i s the s t r o n g e s t x - r a y r e f l e c t i o n 
i n the d i f f r a c t i o n p a t t e r n of potassitim f l u o r o a l u m i n a t e ) 
was doubtfulo The nature of the extraneous s o l i d phases 
was t h e r e f o r e not oonclusiveo 
M o 3 b o I n f r a r e d a b s o r p t i o n speotroscopys-
Musoovite 
samples which had r e c e i v e d treatment w i t h h y d r o f l u o r i c 
1 2 3 
aoid showed very l i t t l e change i n t h e i r i n f r a r e d absorp-
t i o n speotrao The most n o t i c e a b l e change was the deorease 
i n the absorption of the hy d r o x y l a b s o r p t i o n band a t 
2 0 6 7 ^ ( 3 6 2 0 omo"^) w i t h r e a c t i o n timee Consequently,a 
study was c a r r i e d out on the r e l a t i v e changes i n the 
c o n c e n t r a t i o n of the hydrox y l band w i t h r e a c t i o n timeo 
TABLE 22 t a b u l a t e s the experimental r e s u l t s obtained 
d u r i n g the study of the veuriation i n the c o n c e n t r a t i o n 
of the hydroxyl a b s o r p t i o n band pf musoovite a t 2 O 7 6 / A 
w i t h r e a c t i o n time, r e a c t i o n temperature, and the ooncen^ 
t r a t i o n of f l u o r i d e l o s t from s o l u t i o n to the s o l i d phase 
f o r a given r e a c t i o n timco 
A p l o t of the h y d r o i y l c o n c e n t r a t i o n i n the s o l i d 
musoovite phase (determined by i n f r a r e d a b s o r p t i o n s p e c t -
roscopy) I a b s c i s s a ) eind the c o n c e n t r a t i o n of f l u o r i d e 
l o s t from s o l u t i o n to the s o l i d phase ( o r d i n a t e ) gave 
a l i n e a r r e l a t i o n s h i p o (PIGo21)o Prom t h i s graph a 
OH/F r a t i o w ith a valu e of OolO was computed ( s e e a l s o 
page 118) a t the lower temperature ( 2 0 ^ 0 ) o At the h i g h e r 
temperature (^O^C) the r e l a t i o n s h i p begain to d e v i a t e 
from t h i s value© 
M o 3 0 o E l e c t r o n microscopys° 
During the e a r l y s t a g e s of 
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the r e a c t i o n the muscovite c r y s t a l s appeared to be un-
att a c k e d by the h y d r o f l u o r i c acido HoweveTp as the 
r e a c t i o n progressed so the e f f e c t of the h y d r o f l u o r i c 
a c i d became more no t i c e a b l e o A f t e r 7 2 hours a t 2 0 ° G 
the muscovite c r y s t a l s showed s i g n s of being a t t a c k e d , 
s m a l l , spherioalp p a r t i c l e s being observed around the 
per i p h e r y of the muscovite o r y s t a l s o These p a r t i c l e s 
were b e l i e v e d to be p a r t i c l e s of c o l l o i d a l s i l i c a which 
had been produced during the d i s r u p t i o n of the k a o l i n i t e 
and not the musoovite c r y s t a l l a t t i o e o ( K a o l i n i t e 
p r e s e n t as an impurity, cao 2 0 J b o ) 
Summary 
lo A Pg/P value of 1 5oO was evalu a t e d f o r the r e a c t i o n 
between muecovite and a n e u t r a l sodium f l u o r i d e s o l u t i o n o 
2 o A c o r r e c t e d Pg/P val u e of 2 1 o 5 ''as e v a l u a t e d f o r the 
r e a c t i o n between muscovite and a c i d sodium f l u o r i d e 
s o l u t i o n s (SOLUTION A) a t both r e a c t i o n temperatureso 
3 o A s a t u r a t i o n c o n c e n t r a t i o n of 8 o O mgoNagSiP^/lOO mgo 
of musoovite was found a t the lower temperatures s a t u r a t i o n 
c o n d i t i o n s were not reached a t the higher temperatureo 
1 2 5 
4o K/P r a t i o s i n d i c a t e d t h a t approximately 83 meqoP"/ 
100 mgo of musoovite were l o s t from s o l u t i o n to the 
s o l i d phase f o r every 1 meq_o^/lOO mgo of musoovite 
brought i n t o s o l u t i o n ^ i r r e s p e c t i v e of temperaturee 
5o Sodium fl u o r o a l u m i n a t e ( c r y o l i t e ) and sodium f l u o r o -
s i l i o a t e were i d e n t i f i e d a s extraneous phases i n the 
muscovite residueso 
60 Two r e a c t i o n r a t e s were observed f o r the r e a c t i o n 
between muscovite and aqueous s o l u t i o n s of h y d r o f l u o r i c 
a c i d a t both r e a c t i o n temperatureso The f a s t - r e a c t i o n 
r a t e was computed to have a val u e of Oo02 hro"^ and was 
observed to be independent of temperatureo The slow-
r e a c t i o n r a t e was observed to be dependent upon r e a c t i o n 
temperature a value of OoOOl hro*"^ being computed f o r 
the r e a c t i o n at 2 0 ° C o p and a value of 0„002 hr»"^^ being 
computed f o r the r e a c t i o n a t 5 0^Co 
76 A P]^/P value of 5606 was evalu a t e d f o r the r e a c t i o n 
between musoovite and h y d r o f l u o r i c a c i d i r r e s p e c t i v e of 
r e a c t i o n temperature*. 
80 K/P r a t i o s f o r the r e a c t i o n ( w i t h h y d r o f l u o r i c a c i d ) 
i n d i c a t e d t h a t approximately 6 meq^P'/lOO mgo of muscovite 
were being l o s t from s o l u t i o n to the s o l i d phase f o r 
every 1 meqoK^/lOO mgo of muscovite being brought i n t o 
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s o l u t i o n , i r r e s p e c t i v e of r e a c t i o n temperaturoo 
9 o The nature of the extraneous s o l i d p h a s e ( s ) was 
not c o n c l u s i v e , although potassium f l u o r o a l u m i n a t e was 
thought to be p r e s e n t i n the musoovite residueso 
lOo A OH/P value of OolO was e v a l u a t e d f o r the r e a c t i o n 
between muscovite and both a c i d sodium f l u o r i d e and 
h y d r o f l u o r i c a c i d s o l u t i o n s o The r e a c t i o n w i t h hydro-
f l u o r i c a c i d a t the h i g h e r temperature however, began 
to d e v i a t e from t h i s v alue* 
11« E l e c t r o n microscopy exeimination of the r e s i d u e s 
(samples t h a t had been t r e a t e d w i t h both a c i d sodium 
f l u o r i d e and h y d r o f l u o r i c a c i d s o l u t i o n s ) r e v e a l e d the 
presence of s m a l l , s p h e r i c a l , p a r t i c l e s around the p e r i p h e r y 
of the muscovite c r y s t a l s * These p a r t i c l e s were b e l i e v e d 
to be p a r t i c l e s of c o l l o i d a l s i l i c a produced d u r i n g the 
d i s r u p t i o n of the k a o l i n i t e and not musoovite c r y s t a l 
l a t t i c e ( k a o l i n i t e o r i g i n a l p r e s e n t as an i m p u r i t y ) o 
127 
FART-4 
BPPECT OP HYDROGEN FLUORIDE VAPOUR ON KAOLINITE 
The experimental work d e s c r i b e d i n the foregone 
pages has been concerned with the d i s s o l u t i o n of the 
three a l u m i n o s i l i o a t e e , k a o l i n i t e , f e l s p a r , and n u s o o v l t e 
w i t h aqueous f l u o r i d e s o l u t l o n s o 
The use of hydrogen f l u o r i d e vapour on the m i n e r a l s 
e nables a study of the d i s r u p t i o n prpoess to be I n v e s t i -
gated i n the absence of a media capable of t r a n s p o r t i n g 
s o l i d m a t e r i a l i n t o the e x t e r n a l solutlon« 
4olo E x p e r i m e n t a l Teohnioue 
I n the f i r s t experimental technique, a known weight 
of k a p l i n i t e was placed i n t o a polythene d i s h of 20 mlo 
capacityo I n t o a s i m i l a r polythene d i s h 10 ml« of 40^ 
AnalaH h y d r o f l u o r i c aoid was introduoedcr- Both d i s h e s were 
placed i n t o a vaouum d e e i o c a t o r ( p r e v i o u s l y greased) 
and the d e s i c c a t o r evacuated to a p r e s s u r e of 10 o m 6 of 
mercuryo A f t e r v a r i o u s p e r i o d s of r e a c t i o n time the 
k a o l i n i t e was removed from the d e s l b c a t o r ^ s u b j e c t e d t o 
A o o e o fused Calcium chloridOo 
B'oooo 'bubbler* containing 40?2 HP acido 
C o o o D reaction chambero 
Doooo'absorber' containing 0^1 No sodium hydroxide, 
S o o o o perforated specimen holdero 
a i r — 
^to vacuum 
pump 
FI& o 3 5 o Diagram of the apparatus used f o r generatingp passing and absorbing hydrogen 
f l u o r i d e vapour at room temperatureo A l l of the apparatus was constructed of 
polythene (except the U tubep A ) O The reaction chamber could easily be dismantled 
i n t o three, sections, C, Sp and Eo 
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vaouum s e v e r a l times t o remove adhering a o i d vapours, and 
f i n a l l y d r i e d a t O^^ C f o r 48 hours and reweighed. This 
technique i n f u t u r e w i l l be r e f e r e d t o as t h e * o l o s e d * 
system' • 
The second experimental technique ooneisted of drawing 
a m i x t u r e of a i r and hydrogen f l u o r i d e vapour (generated 
by b u b b l i n g a i r through a 40^ s o l u t i o n o f AnalaR hydro-
f l u o r i c acid) through a known weight of k a o l i n i t e f o r 
a s h o r t time and emalysing the v o l a t i l e vapour i s s u i n g 
from the r e a c t i o n chamber C i n PIG. 5 5 » k a Q l i n i t e was 
f r e e d o f r e s i d u a l a c i d vapours ^ t the end of the r e a c t i o n 
by drawing a i r only through the apparatus (FIG. 3 ^ ) . 
A f t e r d r y i n g the k a o l i n i t e f o r a p e r i o d of 4iB hours a t 
O^^ C the sample was reweighed. This technique w i l l i n 
f u t u r e be r e f e r e d t o as the ' open-system^'• 
I n both the 'closed-system' and the 'open-system' 
the k a o l i n i t e residues were i n v e s t i g a t e d w i t h the a i d 
of x - ray d i f f r a c t i o n , i n f r a r e d a b s o r p t i o n spectroscopy,and 
e l e c t r o n microscopy techniques. The residues were a l s o 
analysed f o r f l u o r i d e . A p r e l i m i n a r y study was a l s o made 
on the weight losses of the residues on thermal decompo-
s i t i o n a t v a r i o u s temperatures (200^0 - 800®C). 
TABLE B 
Reaotion between K a o l i n i t e and Hydrogen F l u o r i d e Vapour i n 
a ' Cl0Bed=Bysteni'' a t Room Temperature and under Reduced 
Pressureo 
Weight of k a o l i n i t e oooooooo.oooooooooo'oo© , 2 0 0 mgo 
Volume o f 405& h y d r o f l u o r i c a o i d , o«o«o o«<, o olO mlo 
Pressure ooooo()»«eoeooaeao*oo*9»**oooc>oeoo e 1 0 Cffl o H g 
R e action time o o o o o o o o e o o o o a o e ^ o o o o c o o o ^ o o o 3 3 days 
Percentage weight gain a f t e r d r y i n g o c o o.o « > 2 6 o 5 ^ 
F l u o r i d e c o n t e n t of t r e a t e d k a o l i n i t e o o o o l o l meq/mmole 
TABLE C 
Rea c t i o n between K a o l i n i t e and Hydrogen F l u o r i d e Vapour i n 
a "Opened-system'o 
I n i t i a l SiO^ content of NaOH i n oeoooo„ooo 
Weight o f k a o l i n i t e i n S <>»«c o <> <>». • c o««o o o o o423 mgo 
Volume o f 405& h y d r o f l u o r i c a c i d i n B o<.o«ooo20 mlo 
Volume o f Ool No NaOH i n D« <,«o <> o o o«o o o o <=. o«o o 1 0 0 mlo 
Reaction time eooooeeoeoeooooooooeaooeooaoaoA 'hOUrSo 
OoO mgo 
P i n a l S i 0 2 content of NaOH i n Do o <.«o o«o o - o o o28o8 mg. 
Percentage weight l o s s a f t e r d r y i n g oooooooo2o8^ 
F l u o r i d e content of t r e a t e d k a o l i n i t e o o c o o o O o 5 2 meq/mmole 
Percentage weight l o s s on h y d r o l y s i s w i t h H 2 0 « o l 9 o 2 ^ 
T o t a l a c i d i t y of aqueous extraotoo O o 9 6 mmole acid/mmole 
k a o l i n i t o 
l o 40?^  HP i n HF/HpO system a t 20°C.3«6lT 
P a r t i a l pressure of 2 o H^ O i n HP/H2O system a t 2 0 ° C o o 5 o 7 8 T. 
( g i v e n i n Torro) 
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4o2o RxperlmentEil Results 
TABLE B shows the r e s u l t s of a t y p i c a l experiment 
c a r r i e d out under the 'oloaed-systam', whereas, TABLE C 
i l l u s t r a t e s t h e r e s u l t s o f an e x p e r i m e n t performed under 
t h e ' open-system'teohniquOo 
These t a b l e s show the experimental data obtained f o r 
one set of c o n d i t i o n s only and t h e r e f o r e a p p l i e s o n l y 
t o these p a r t i c u l a r set of conditions.. V a r i a t i o n i n these 
oondltionsp namely, r e a c t i o n time, weight o f k a o l i n l t o 
exposed t o the vapour, surface area of k a o l i n i t e exposed 
t o the vapour, etoo, were a l l found t o have a pronounced 
e f f e c t i n determining the p r o p e r t i e s of the f i n a l product^ 
ioOo io weight gain or lose, c o n c e n t r a t i o n of f l u o r i d e 
i n the d r i e d k a o l i n i t e residue, ^ l o s s i n weight on 
h y d r o l y s i s of the residue^ ^ weight l o s s on thermal 
decomposition, etOo 
4o2ao X-ray d i f f r a c t i o n d a ta;^ 
2a,io Open^systems-
Examination of the t r e a t e d 
k a . o l i n i t e ( a f t e r 4 hours) by x-ray d i f f r a c t i o n methods 
f a i l e d t o show the presence of any new s o l i d phases i n 
the residuoo The only n o t i c e a b l e e f f e c t was the decrease 
i n the r e l a t i v e i n t e n s i t y r a t i o ( 0 0 1 / 0 0 2 ) of the 7 o l 2 ° A o 
03 
a 
c 
<D 
-p 
H 4} 
3 , 5 7 
-L-H LL-L 
- ^ 1 — i i U i l 
4 . 6 4 
7 .40 
2 o O 8.0 9 . 0 1 0 « 0 3 o O 4 o 0 5 o 0 6 o O 7 . 0 
Interplanar Spacing - d values (°Ao) 
PI& o 3 6 o Plot of the d-valuea and relative intensities of -
Aoooo kaolinite 
Boooo kaolinite after 3 3 days exposure to HP vapour (closed-aystemjat room temperature 
Coooo kaolinite-HF after 2 hours at 200°C, 
Doooo kaolinite-HF after 2 hours at 60rf*C«, 
B 
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and 3o58°Ao r e f l e c t i o n s of fcaoliniteo (The 001/002 r a t i o 
was observed to have a value of 0o74) 
2ap i i o Closed^syBtems ° 
Examination of the t r e a t e d k a o l i n i t e 
by x-ray d i f f r a o t i o n methods revealed the presence of a t 
l e a s t s i x new r e f l e c t i o n peaks i n the d i f f r a c t i o n p a t t e r n 
of k a o l i n l t e o The x-ray d i f f r a c t i o n data has been t a b -
u l a t e d i n TABLE 2 3 ( a f t e r 3 3 days) and represented d i a -
g r a m a t i c a l l y i n FIG0360 
The d i f f r a o t i o n p a t t e r n of t h i s k a o l i n i t e reeiduep 
which i n f u t u r e w i l l be r e f e r e d t o as ' k a o l i n i t e - H F ' , 
could not be i d e n t i f i e d from A o S o T . M o index (181)o 
Although the three s t r o n g e s t l i n e s of anauxltep 
(AlpSi)2Si2 { O p O H)gp as given by the A o S o T o M . index, 
(2-0204) at 4o6°Aop 4o08°Aop and a t 7o4*^Aop were found 
i n the d i f f r a c t i o n p a t t e r n of k a o l i n i t e - H P p i t i s extremely 
u n l i k e l y t h a t the removal of s i l i c o n from the k a o l i n i t e 
c r y s t a l l a t t i c e would produce anauxiteo 
Kaolinite-HP may^ t h e r e f o r e ^ be considered as a 
mixture of k a o l i n i t e and a new f l u o r o - h y d r o x y l alumino-
s i l i c a t e phasso 
4o2bo I n f r a r e d a b s o r p t i o n speotroscopys«' 
904 
WAYKTiRNfTTH C ^ } 3 10 11. 1^ 
4000 
SPECTRUM Noo7. 
3 0 0 0 2000/1800 lifOO 1200 1000 800 1600. 
WAVEmjMBEa 
Infrared absorption spectrum of kaolinite after 4 hours exposure to HF vapour (open-system) 
at room tomperatureo Silicon has been lost from the solid phase to the gaseous phase^ (SiP ) 
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2 b , io Open^system; 
Two s t r o n g a b s o r p t i o n bands were 
found t o occur at 3 o l 3 y u ( 3 2 0 0 omo"^) and a t 6 o O ^ ( l 6 6 o 
omo"^) i n the t r e a t e d k a o l i n i t e spectrume The a b s o r p t i o n 
bands corresponding t o the h y d r o x y l and f i n g e r p r i n t 
regions were s t i l l present as f a i r l y s t r o n g a b s o r p t i o n 
bandSo 
The a b s o r p t i o n bands at 6 o 0 3 ^ ( l 6 6 o omo"^) and a t 
3 o l 3 ^ ( 3 2 0 0 omo"^) were assigned t o the s i l a n o l group 
(Si-OH) having p h y s i c a l l y adsorbed molecular water on 
l f l 6 
the surface of the group (Hookey )« The i n f r a r e d 
a b s o r p t i o n spectrum of the k a o l i n i t e a f t e r 4 hours exposure 
to hydrogen f l u o r i d e vapour (open-system) a t room temper-
ature i s shown i n Spectrum NOoTo The. a b s o r p t i o n bands 
a t 3 o 5 7 y * t { 2 8 0 0 omo'^) and a t 7o04^(1420 onio'^), as w e l l 
as the broad a b s o r p t i o n band a t approximately 2o4yu(4200 
cmo"^) may p o s s i b l y be assigned t o the a b s o r p t i o n bands 
of hydrogen f l u o r i d e i n the l i q u i d s t a t e (see below)o 
I n v e s t i g a t i o n of the i n f r a r e d a b s o r p t i o n spectrum 
of l i q u i d ^ 405&P h y d r o f l u o r i c a c i d was c a r r i e d put by 
p i p e t t i n g a few drops of the aoid i n t o a t h i n , t r a n s p a r e n t , 
polythene bag (oso 3 ^ 4 omo) and then s e a l i n g the bago 
The polythene bag and i t s contents was placed between 
1 3 2 
two r o c k - s a l t slabs and the a b s o r p t i o n c e l l h o l d e r 
t i g h t e n e d u n t i l the l i q u i d h y d r o f l u o r i c a c i d had spread 
out over the same suzrfaoe area as t h a t of the r o c k - s a l t 
windowBo ( D i r e c t contact between the h y d r o f l u o r i c aoid 
and the r o o k - s a l t windows was prevented by the t h i n ^ 
polythene bagSo) An empty, transparent,, polythene bag 
of the same thickness as used above was t r e a t e d i n e x a c t l y 
the same meuaner and i n s e r t e d i n t o the reference beam 
of the speotrophotometero 
I n f r a r e d a b s o r p t i o n bands were recorded ats 
2o50yt»(4000 cmo"\ w) p 2 . 8 6 ^ ( 3 5 0 0 omo"-*", vs) , 3 « 5 7 / ^ 
(2800 omo"^p B) , 3 o 8 2 ^ ( 2 6 2 0 cmo"^, w) ^  4o44^(2250 cmo"^p 
w)p 4 o 6 5 y U ( 2 1 5 0 omo''*",w)p 5^43^(1840 cmo'^, w) , 5o88y*^ 
( 1 7 0 0 omo"^p m)p 6 o 0 2 y u ( l 6 6 0 omo""^ , w), 6 0 1 3 / ^ ( 1 6 3 0 cmo""^ , 
w)p 7ol4yti(1400 omo'^ p^ w,b)p 8o20 / * ( 1 2 2 0 omo'^^, w,b)p 
1 3 o 2 ^ ( 7 6 o cmo^ -^ p w)p and 1 3 o 9 y u ( 7 2 0 omo^^p w) o 
Although the fundamental v i b r a t i o n a l - r o t a t i o n a l band 
of HP has been re p o r t e d t o occur a t 2 o 5/^{4000 omo"^) 
(187pl88)p Shelton and N i e l s e n (188) have shown t h a t 
there are three d i s t i n c t a b s o r p t i o n bands of HP vapour 
( a t 62°C) o c c u r r i n g a t 2o87yU(3497 omo''^)p 2O 9 6 /A(3380 
omo°^) and a t 3 o l l ^ ( 3 2 2 8 cmo°-^)o Howeverp small changes 
i n temperature or i n pressure have been re p o r t e d t o have 
4000 3 0 6 0 2000/ 1460 1200 1000 800 800 -16(10 
WAVENUMBER 
SPECTRUM NO080 Infrared absorption spectrum of kaolinite after 3 3 days exposure to HP vapour (closed-system) 
at room temperaturoo 
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l a r g e e f f e c t s on the i n t e n s i t i e s and on.the broadening 
of the ab s o r p t i o n bandso A b s o r p t i o n bands have also 
been r e p o r t e d at Jdl{ J1'?0 c m o - ^ j p 4o08/^(2468 o m e " ^ ) , 
5 o 9 0 y u ( 1 7 0 5 omo-^) QO10/A(11')0 omo"^)p and a t 9 o 7 0 / * 
(1048 cmo"^) due t o the v i b r a t i o n a l frequency of the 
E^O^F- molecule { l 6 9 ) c 
2 b p i i o Closed«eystems-
The hy d r o x y l a b s o r p t i o n band 
a t 2 o 7 2 y u(3680 omo"^) was found t o have decreased consid-
e r a b l y whereas the 9 t , 0 9 ^ ( 1 1 0 0 omo*^) a b s o r p t i o n band 
(due t o Si-0) had completly vanished from the k a o l i n i t e 
spectimm (Spectrum N 0 c 8)o The spectrum of the t r e a t e d 
k a o l i n i t e was s i m i l a r t o the spectrum observed i n the 
'open-system' experiment^ a s t r o n g a b s o r p t i o n band occur* 
r i n g a t 3oO%yu (3250 cmo"-^) and moderate a b s o r p t i o n bands 
o c c u r r i n g a t 3 5 5 7/^(2800 ome"-*-), 3 o 9 2 / u ( 2 5 5 0 c m o " ^ ) ^ 
5 o 8 8 ^ ( 1 7 0 0 c m o " ^ ) , 6oOyA(l66o c m c " ^ ) , and 7o04^(1420 
c m o ° ^ ) 0 
The ab s o r p t i o n bands a t 6 o 0 3 ^ a n d 3o08yu were assigned 
t o surface e i l a n o l groups having molecular water physio-
a l l y adsorbed on the surface of the group ( 1 8 6 ) , ( S i m i l a r 
a b s o r p t i o n bands were found d u r i n g the i n v e s t i g a t i o n o f 
the e f f e c t of aqueous s o l u t i o n s of h y d r o f l u o r i c a c i d on 
Temperature (**C.) 
^ 2 0 
«) 
o >-3 
- a 
401 
50 
I = Kaolinito-HP ('open-ayatem') 
0 c Kaolinite-HF ('oloaed-syatem') 
P I C o 3 7 o Graphical i l l u s t r a t i o n of the theraal decomposition of kaolinite-HP prepared 
by the ' op en-system' and "olosed^system^ techniqueflo 
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fcaoliniteo) The a b s o r p t i o n bands o c c u r r i n g a t 3 o 5 7 
(2800 cmo*'^)p 5 o 8 8 y L i ( 1 7 0 0 omo"-^)p 6 o 0 3 ^ ( l 6 6 o om^^^), 
7o04yiA(1420 cfflo"^) could p o s s i b l y be assigned t o l i q u i d 
hydrogen f l u o r i d o o 
4o2co Thermal decomposition of kaolinite°£Ps» 
Samples o f 
k a o l i n i t e which had received hydrogen f l u o r i d e vapour 
treatment Ckaolinite«HF) were heated a t temperatures of 
200°p 400^j 600°5 and 800°C f o r two hours i n an e l e c t r i c 
furnaoco The percentage weight l o s s was recorded and the 
s o l i d phase remaining examined by x-ray d i f f r a c t i o n 
teohniqueso 
I t was observed t h a t the percentage weight l o s s f o r 
I c a o l i n i t e whloh had been exposed t o hydrogen f l u o r i d e 
vapour under the ^ open-system* c o n d i t i o n was lees than 
f o r the k a o l i n i t e which had been exposed t o hydrogen 
f l u o r i d e vapour f o r 33 days i n a 'closed-system'o The 
experimental f i g u r e s are shown below i n TABLE D and 
i l l u s t r a t e d g r a p h i c a l l y i n FIGo37o 
2c p i * 1-ray d i f f r a c t i o n data:-
Examination of the k a o l i n i t e 
residues t r e a t e d w i t h hydrogen f l u o r i d e vapour ( b o t h 
PLATE 1 3 
PLATE 14 

1 3 5 
techniques) a f t e r thermal decomposition i n d i c a t e d t h a t 
m u l l i t e ( A l 2 S i O ^ or Al^Si^O^^) was being formed a t a 
temperature as low as 6 0 0 * ^ 0 o P I G 0 3 6 i l l u s t r a t e s how 
the k a o l i n i t e « H P x-ray d i f f r a o t i o n p a t t e r n a l t e r e d w i t h 
t6mj()erature f o r the thermal decomposition of k a o l i n i t e - H F 
produced under the 'closed-system^ c o n d i t l o n o Below a 
temperature of 6 0 0 ° C p the k a o l i n i t e ^ H P was ap p a r e n t l y 
converted back t o k a o l i n i t e again w i t h a decrease i n 
the 0 0 1 / 0 0 2 r e l a t i v e i n t e n s i t y ratiOo 
TABLB D 
Thermal Decomposition of £aolinlte-HP 
Open-system Closed- system 
Temperature 
( 0 0 ) 
5^ Wtolose Temperature 
(OC) 
^ W t o l O S S 
2 0 0 7 o 2 2 0 0 l 9 o 2 
4 0 0 9 o 8 4 0 0 2 4 o 6 
6 0 0 1 8 oO 6 0 0 3 9 o 6 
8 0 0 2 3 o 6 8 0 0 4 9 o 2 
4c2do E l e c t r o n microscopys-> 
Examination o f k a o l i n l t e - H F 
revealed the presence of amorphous m a t e r i a l (PLATE 1 3 ) 0 
This m a t e r i a l decomposed e a s i l y under the e l e c t r o n beam 
(PLATE 1 4 ) o Smallfl epherioalp p a r t i c l e s were a l s o observed 
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Summary 
lo A percentage weight g a i n or percentage weight l o s e 
was observed on t r e a t i n g k a o l i n i t e w i t h hydrogen f l u o r i d e 
vapour.at room temperaturop depending upon the experimen-
t a l conditionso 
2o The r e a o t i o n was dependent upon f a c t o r s such aa 
r e a c t i o n time, weight of k a o l i n i t e exposed t o the vapour, 
surface area, e t C o These f a c t o r s i n t u r n had a pronounced 
e f f e c t on the p r o p e r t i e s of the f i n a l produoto 
3 o Six new r e f l e c t i o n s were observed i n the x - r a y d i f f r -
a c t i o n p a t t e r n of the t r e a t e d k a o l i n i t e ; these r e f l e c t i o n s 
could not be i d e n t i f i e d and a mew f l u o r o - h y d r o x y l alumlno-
s i l i o a t e phase was thought po s s i b l e o 
4 o M u l l i t e was produced from k a o l i n i t e - H P a t a temperature 
as low as 600°Co 
56 E l e c t r o n microscopy examination revealed the presence 
o f amorphous m a t e r i a l which deopmposed e a s i l y i n the 
e l e c t r o n beamo 
1 3 7 
ClkPTBB 6 
DISCUSSION OP THE RESULTS 
I n t h i s progreumne of vork the emphasis has been 
plaoed on the d e s t r u c t i o n of the a l u m i n o s l l i o a t e c r y s t a l 
l a t t i c e by a c i d f l u o r i d e s o l u t i o n s r a t h e r tham on a study 
of the anion exchange r e a c t i o n which t a k e s p l a c e a t pH To 
Neverthelessp i t was f e l t t h a t t h e r e was a l s o a p o s s i b i l - * 
i t y of supporting the onion exchange r e a c t i o n reported 
by e a r l i e r workerSp u s i n g the weight g a i n or weight l o s s 
t e c h n i q u e s given elsewhere i n t h i s worko 
lo The Replacement of Hydroxyls by F l u o r i d e Anions i n 
K a o l i n i t e u s i n g N e u t r a l Sodium F l u o r i d e S o l u t i o n s 
When k a o l i n i t e i s brought i n t o c o n t a c t w i t h a n e u t r a l 
f l u o r i d e s o l u t i o n , h y d r o x y l i o n s are r e l e a s e d i n t o '"sol-
u t i o n i n accordance w i t h the f o l l o w i n g summarised r e a c t i o n : 
Al2Si205(OH)^ X F ' = A l ^ S i g O ^ l OH) ^_^oP^ + x OH" « . o . l 
T h i s equation assumes a s t o i c h i o m e t r i c replacement of 
h y d r o x y l s i n the k a o l i n i t e c r y s t a l l a t t i c e by f l u o r i d e ionso 
1 3 8 
During the anion exchange r e a c t i o n the k a o l i n i t e o r y e t a l 
l a t t i c e has been reported to undergo deoompositlono Only 
Romo and Roy { 5 6 ) have proposed a p o e s i b l e r e a o t i o n f o r 
the dedompositlon of k a o l l n i t e o Thue^ 
AljSigO^COH)^ + 6 = AlSigO^lOH) + AlP^^" • J OE'. o o2 
( p y r o p h y l l i t e ) 
3 -
the AlP^ complex ion being found as an i n s o l u b l e s o l i d 
phaseo Samson ( 3 3 ^ however, was of the opinion t h a t 
the decomposition of the k a o l i n i t e c r y s t a l l a t t i c e was 
due to the formation of e i t h e r AlP^^ or A l P ^ " complex 
ionso 
lao E v a l u a t i o n of k from Romo and Roy's Experimentss -
Assuming t h a t the anion exchange r e a c t i o n r e p o r t e d 
by other workers i s c o r r e c t and a c c e p t i n g the experimen-
t a l r e s u l t s of Romo and Roy ( 3 6 ) a f t e r 3 months when 
the r e a c t i o n i s p r a c t i c a l l y i n e q u i l i b r i u m , then a con-
s i d e r a t i o n of equation 1 above,and assuming t h a t the 
e q u i l i b r i u m constant i s k^gi v e s s 
Al2Si205(OH)4„x«Px 110H-'^ 
k — 
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Allowing -e- = f r a c t i o n of s i t e s dcoupied by f l u o r i d e i o n s 
on the k a o l i h i t e c r y s t a l and ( l - e j = f r a c t i o n of s i t e s 
occupied- by hydroxyls on the k a o l i n i t O p then i t f o l l o w s 
t h a t 
-e- lOH* 
k = ' . o o o . , o o o o 4 
( 1 = ^ ) F° 
S i n c e the experiments with n e u t r a l sodium f l u o r i d e 
s o l u t i o n s were c a r r i e d out a t approximately pH 7 , i t 
f o l l o w s t h a t the hydfoxyl c o n c e n t r a t i o n (OH") w i l l be i n 
the order of 1 0 " ^ gmoionso/litreo S i m i l a r l y ^ s i n c e 
1 gramme of k a o l i n i t e was used throughout Romo and Roy's 
workp then the i n i t i a l h y d r o x y l c o n c e n t r a t i o n of the 
k a o l i n i t e may be taken a s 1 5 o 5 me<io/gmo S u b s t i t u t i n g 
Romo and Roy's r e s u l t s i n t o equation 4 above the f o l l o w i n g 
f i g u r e s were drawn up; 
- 8 6- Temparature |P-| |0H=| te X 1 0 
0 . 4 9 O o 5 i 6 0 ° C l c 5 1 0 = 7 6 . 4 
O o 2 5 0 . 7 5 6 0 ° C 0 . 5 1 0 - 7 6 . 6 
0 . 2 9 0 . 7 1 2 0 ° G l o 5 1 0 = 7 2-. 7 
0 o l 4 O086 2 0 ° C Oo5 1 0 - 7 3 o 3 
Prom these f i g u r e s the f r e e energy^ A G p ms^ be eva l u a t e d 
a t both temperatureflo S i n c e A G s= - RToln^k we have 
approximately t h a t A G > l i p 0 0 0 c a l o r i e s a t 2 0 ^ 0 and 
140 
IJpOOO o a l o r i e e a t 6o°C f o r an aeeumed anion ezohange 
r e a o t i o n between k a o l i n i t e and a n e u t r a l f l u o r i d e s o l u t i o n 
HoweveTp i t must be remembered t h a t although the exchange 
r e a c t i o n was reported to be extremely slow a f t e r J months^ 
tr u e etiuilibriump a c c o r d i n g to the authorsp was not 
reaohedo Gonsequentlyj the v a l u e of k and^^G f o r the 
r e a c t i o n mast be viewed w i t h a c e r t a i n amount of r e s e r v e * 
N e v e r t h e l e s s ^ c o n s i d e r a t i o n of these v a l u e s would appear 
to i n d i c a t e t h a t the rejplacement of h y d r o x y l s i n the 
k a o l i n i t e c r y s t a l l a t t i c e by f l u o r i d e i o n s does not take 
place very r e a d i l y ^ even although the | F*| g | CH°| con-
c e n t r a t i o n i s i n the order of l o 5 s lO^^o 
The l o w e r i n g of the h y d r o x y l c o n c e n t r a t i o n of the 
f l u o r i d e s o l u t i o n (by working i n a c i d c o n d i t i o n s ) may 
w e l l a l l o w the replacement of hydroxyle i n the k a o l i n i t e 
c r y s t a l l a t t i c e by f l u o r i d e i o n s to take p l a c e more 
r e a d i l y o I t would appeaTp t h e r e f o r e ^ t h a t the r e a c t i o n 
may be c a t a l y s e d by ionso 
2o A Pseudo-eulion Exchange Reaotion due to D e s t r u c t i o n 
of the K a o l i n i t e C r y s t a l L a t t i c e 
C o n s i d e r a t i o n of the anion exchange r e a c t i o n r e p r e s -
ented by the chemical equation 1 above^ i n d i c a t e s t h a t 
1 4 1 
f o r every gramme-moleoule of f l u o r i d e complex produoedp 
a gramme-mole oule of ka o . l l n i t e i s requiredo S i n c e the 
atomio weight of the f l u o r i n e atom i s 1 9 o 0 0 and the 
molecul a r weight of the h y d r b x y l anion i s 1 7 o 0 0 p then, 
t h e o r e t i o a l l y p a n e g l i g i b l e i n c r e a s e i n weight would 
be observed d u r i n g the reaotlono I n terms of the percen-
tage weight g a i n per 1 0 0 mgo of m i n e r a l (Pg) and the 
c o n c e n t r a t i o n of f l u o r i d e l o s t from s o l u t i o n to the 
s o l i d complex f l u o r i d e phase ( P ) , a Pg/P r a t i o h a v i n g a 
value of 2 o O would be evaluatedp i r r e s p e c t i v e of the 
value of *x* i n equation lo 
D e s t r u c t i o n of the k a o l i n i t e c r y s t a l l a t t i c e w i t h 
the formation of p y r o p h y l l i t e and sodium f l u o r o a l u m i n a t e 
( c r y o l i t e ) p i f a n e u t r a l sodium f l u o r i d e s o l u t i o n i s usedp 
would produce a c o n s i d e r a b l e i n c r e a s e i n weighto I n 
terms of the Pg/P r a t i o a v a l u e of 2 1 o ^ . c a n be a s s i g n e d 
to t h i s p a r t i c u l a r r e a o t i o n ( e q u a t i o n 2 ) o 
E x p e r i m e n t a l r e s u l t s given elsewhere i n t h i s work 
has i n d i o a t e d t h a t sodium f l u o r o a l u m i n a t e ( c r y o l i t e , 
s y n t h e t i o ) was one of the r e a c t i o n products produced 
• 
during the r e a c t i o n between k a b l i n i t e and a n e u t r a l 
s o l u t i o n of sodium f l u o r i d o o F y r o p h y l l i t e was not deteo-
ted i n 'the r e a o t i o n produotSo 
The experimental Pg/F r a t i o was computed to have a 
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value, of I I 0 6 f o r the r e a c t i o u p thus suggesting t h a t 
the r e a c t i o n between k a o l i n i t e and a n e u t r a l sodium 
f l u o r i d e s o l u t i o n was not j u s t a s t r a i g h t forward ex-
ohemge of hydroxyle i n the k a o l i n i t e c r y s t a l l a t t i c e 
by f l u o r i d e ionso 
Decomposition of the k a o l i n i t e i n t o c r y o l i t e and 
p y r o p h y l l l t e cannot be c o n s i d e r e d as a p o s s i b l e e x p l a n -
a t i o n f o r the decomposition reaction^, s i n c e p y r o p h y l l l t e 
was not d e t e c t e d i n the s o l i d phaseo 
Examination of the e x p e r i m e n t a l Pg/P v a l u e f o r t h i s 
r e a c t i o n I n d i c a t e s t h a t t h i a v a l u e i s approximately 
one-half of the computed t h e o r e t i o e t l Pg/F v a l u e g i v e n 
by the chemical equation 2 above and approximately s i x -
times as g r e a t as the t h e o r e t i c a l i'g/P v a l u e computed from 
equation lo 
The reported s t o i c h i o m e t r i c exchange of h y d r o x y l s 
i n a h y d r o x y l l c c r y s t a l l a t t i c e by f l u o r i d e ions may 
w e l l be f o r t u i t o u s i n t h a t the b a s i c r e a c t i o n i s one of 
d e s t r u c t i o n of the c r y s t a l l a t t i c e w i th a r e l e a s e of 
h ydroxyl ions i n t o s o l u t i o n ^ the f l u o r i d e i o n s being 
l o s t from s o l u t i o n to the s o l i d phase i n the form of 
an I n s o l u b l e complex r a t h e r than r e p l a c i n g the h y d r o x y l s 
i n the c r y s t a l l a t t i o s o 
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Such a r e a c t i o n may be summarised by the f o l l o w i n g chem-
i c a l equations 
Al^Si^O^lOH)^ • 1 0 Na* + 24 F^ + 14 H^0+ 
2 Na^AlP^ + 2 Na^SiP^ + 2 3 H^O . o o o - o o 5 
A t h e o r e t i c a l Pg/P value of 2 2 o 4 can be computed f o r t h i s 
r e a c t i o n (assuming t h a t the fluoro-oomplexes are completely 
i n s o l u b l e ) o Howeverp e x p e r i m e n t a l l y a Pg/P v a l u e of l l o 6 
was computed f o r the r e a c t l o n o 
C o n s i d e r a t i o n of the work of Kubelka and P r i s t o u p i l 
( 1 8 9 , 1 9 0 ) on the h y d r o l y s i s of the f l u o r o e i l i o a t e i o n 
i n d i c a t e s t h a t the h y d r o l y s i s i s very s e n s i t i v e to changes 
i n pHo The s t a b i l i t y constant^ Kp f o r the h y d r o l y s i s of 
the f l u o r o s l l i o a t e ion, a c c o r d i n g to the f o l l o w i n g r e a c t i o n , 
SiP^^° • 2 H^O ^ ^ ^ S i O ^ • 4 H* + 6 p- 6 
was found by the authors to have, a value of 1 0 " " « 
Rearrangement of equation 6 and t a k i n g l o g a r i t h m s to the 
base ten, i t f o l l o w s thats 
pH = 6065 + lo5 logc P' - 0 o 2 5 logo S i P ^ 2 - ^^y 
I n these experiments,, sodium ions were a l s o p r e s e n t 
1 4 4 
i n s o l utiono ThuSp i f sodium f l u o r o s i l i o a t e (and sodium 
f l u o r o a l u m i n a t e ) i s to be obtained as a s o l i d phase 
the c o n c e n t r a t i o n of S I P ^ ^ " ( A l P ^ ^ " ) i n s o l u t i o n must 
exceed the s o l u b i l i t y c o n c e n t r a t i o n of Na^SiP^ (Na^AlP^)o 
Only the s o l u b i l i t y of sodium f l u o r o e i l i c a t e need be 
consideredo Taking the s o l u b i l i t y of Na2SiP^ a t 2 0 ° C 
to be 6 o 9 gmo/litre or 3 o 6 x 1 0 ° ^ gmomoleo/litrep and 
the s o l u b i l i t y of sodium f l u o r i d e a t 2 0 ^ 0 to be 4 2 o 2 
g m o / l i t r e or 1 gmomolSo/litrep the pHpas g i v e n by equation 
7 above^may be c a l c u l a t e d a t the c o n d i t i o n s where S i P ^ ^ " 
i s j u s t being p r e c i p i t a t e d out of s o l u t i o n a s Na2SiP^ 
r a t h e r than being h y d r o l y s e d to SiO^o 
Thus, 
pH = 6 0 6 5 + l o 5 l o g o ( l ) - O c 2 5 l o g o { 3 o 6 X 1 0 " 2 ) 5.8 
pH = 6 0 6 5 * Oojd 
pR — 7 o 0 1 • » o o a a o » « o o o « a a o o o o i i o o a o o o c o o e o o o a o o o o o 9 
T h i s c a l c u l a t i o n suggests t h a t the t r a n s f o r m a t i o n of 
SiO^ to Na2SiP^ or v i c e v e r s a , i s extremely c r i t i c a l 
around pH 7o 
Consequentlyp below pH 7 p the presence of sodium 
f l u o r o s i l i c a t e i n the s o l i d phase i s to be expected; 
above pH 7 p the presence of s i l i c a i n the s o l i d phase 
i s to be expectedo 
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I t would appear t h e r e f o r e t h a t p r e v i o u s s t u d i e s of 
anion exchange ( a s f a r as the replacement of h y d r o x y l s 
by f l u o r i d e ions was concerned) with n e u t r a l f l u o r i d e 
s o l u t i o n s was unfortunate I n t h a t the exchange r e a c t i o n s 
were i n v e s t i g a t e d by back«titration of r e l e a s e d h y d r o x y l s 
with standard a c i d to pH 7o Hence, the presence of 
sodium f l u o r o s i l i c a t e was not to be expected i n the s o l i d 
phase, espeoialj-y s i n c e the pH of the f l u o r i d e s o l u t i o n 
d u r i n g the r e a c t i o n was s l i g h t l y higher than pH 7o 
Consequently, the summarised chemical equation 5 
above must be modified acc o r d i n g l y s 
A l 2 S i 2 0 ^ ( 0 H ) ^ 6 Na* + 1 2 P~ + 6 H^O* 
2 Na^AlP^ + 2 SiO^ • 11 H^O 10 
A t h e o r e t i c a l Pg/P val u e of 2 3 c 5 can be computed 
f o r the r e a c t i o n expressed by equation lOo Examination 
of t h i s equation (10) i n d i c a t e s t h a t d u r i n g the r e a c t i o n 
an e q u i v a l e n t amount of h y d r o x y l ions are not r e -
l e a s e d i n t o s o l u t i o n f o r every e q u i v a l e n t of f l u o r i d e 
i o n s removed from s o l u t i o n to the 6 o l i d phaseo Also, 
the s i l i c a would have water-of c o n s t i t u t i o n (SiO^oxH^O) 
and t h i s would i n c r e a s e the t h e o r e t i c a l P. /P v a l u e above 
1 4 6 
2 3 o 5 (experlmentallyp a P^/P v a l u e of I I 0 6 was computed) o 
How a c c o r d i n g to I l e r ( 1 9 1 ) ^ the s o l u b l l t y of s i l i c a 
i n terms of m o n o s l l i o i c a c i d (Si(OH)^) i s independent 
of pHp but i s dependent upon the presence of f l u o r i d e 
ionso Thereforej, assuming t h a t the s i l i c a produced 
during the h y d r o l y s i s of the f l u o r o s l l i c a t e i o n I s I n 
the form of m o n o s l l i o l c a c i d and t h a t g e l formation has 
not taken place to any g r e a t extent, then equation 1 0 
may be r e w r i t t e n i n the forms 
A l 2 S i 2 0 j ( 0 H ) ^ + 6 Na* + 1 2 P" • 6 H^O* 
2 Na AlP. • 2 S1{0H) ^  7 H 0 o . o o o « o o . l l 
3 b 4 2 
E q u a t i o n 1 1 would y i e l d a t h e o r e t i c a l P /p v a l u e 
of 1 3 o 5 o Although the t h e o r e t i c a l Pg/P v a l u e i s c o n s i d -
e r a b l y near to the a c t u a l experimental Pg/P v a l u e of l ^ o 6 p 
i t i s unfortunate t h a t f o r every e q u i v a l e n t of h y d r o x y l 
ions brought i n t o s o l u t i o n two e q u i v a l e n t s of f l u o r i d e 
ions are l o s t from s o l u t i o n to the s o l i d phasso 
However^ i n c r e a s e i n the experimental P /P r a t i o 
i n the l a t e r stages of the r e a c t i o n ( a f t e r 1 ^ days) 
may w e l l i n d i c a t e t h a t the m o n o s i l l o i o a c i d had polymerised 
to form c o l l o i d a l p a r t i c l e s of s i l i c a ( s o l ) , which i n 
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t u r n have aggregated to form a s i l i c a gels 
p o l y m e r i s a t i o n i a ggregation 
S i ( O H ) ^ — • — — C o l l o i d a l p a r t i c l e s p-Network of p a r t i c l e s 
The presence of a weak x - r a y r e f l e c t i o n c orresponding 
to the s t r o n g e s t r e f l e c t i o n of s y n t h e t i c s i l i c a , 3 o 0 9 ° A o , 
(AoSoToMo, 1 2 - 7 1 1 ) , wa6 observed i n the t r e a t e d k a o l i n i t e 
r e s i d u e a f t e r 3 months i n a n e u t r a l sodium f l u o r i d e 
s o l u t i o u o T h i s i s s u r p r i s i n g , sinoe t h i s would i n d i c a t e 
t h a t the s i l i c a g e l had become c r y s t a l l i n e a t room temp-
eratureo 
I f some of the f l u o r i d e i o n s l o s t from s o l u t i o n to 
the s o l i d phase are not h e l d a s the AlP^-^" complex i on, 
but have a c t u a l tQken p l a c e i n an exchange replacement 
of h y d r o x y l s i n the k a o l i n i t e c r y s t a l l a t t i c e , and 
i f the t h e o r e t i c a l Pg/P v a l u e % ( 1 3 o 5 ) i s co n s i d e r e d to 
r e p r e s e n t the d i s r u p t i o n of the k a o l i n i t e c r y s t a l l a t t i c e , 
(where a l l of the P" ions are l o s t from s o l u t i o n i n 
producing the AlP^^" complex i o n ) , then the l o s s of any 
other f l u o r i d e ions from s o l u t i o n , as i n the case of 
anion exchange, would decrease the t h e o r e t i c a l Pg/P value* 
The experimental Pg/P val u e was found to be 1 1 a 6 0 
Such a decrease i n the P-/P v a l u e may w e l l i n d i c a t e t h a t 
approximately 155^ or so of the r e a c t i o n was due to the 
replacement of hydroxyls i n the k a o l i n i t e c r y s t a l l a t t i c e 
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by f l u o r i d e ionso 
Prom the experimental r e s u l t s of t h i s work i t would 
appear t h a t the s t o i c h i o m e t r i c replacement Of h ^ d r o x y l s 
i n the k a o l i n i t e c r y s t a l l a t t i c e by f l u o r i d e ionsp a s 
reported by Romo and Royp Weiss, e t alop and ot h e r workers, 
was f o r t u i t o u s i n t h a t the r e l e a s e of hydroxyl i o n s i n t o 
s o l u t i o n was due predominantly to the d i s r u p t i o n of the 
k a o l i n i t e c r y s t a l l a t t i c e i n t o AlP^-'" and S i P ^ ^ * i o n s , 
( o r Si(OH )^p depending upon the pH of the f l u o r i d e s o l u t i o n ) ^  
and not to anion exchange6 Howeverp the p o s s l b i l i l t y 
of anion exchange cannot be completely r u l e d out a s 
i n d i c a t e d by the P«/P v a l u e s d i s c u s s e d abovoo 
Supporting evidence f o r the r e l e a s e of hy d r o x y l i o n s 
i n t o s o l u t i o n due to c r y s t a l l a t t i c e d i s r u p t i o n r a t h e r 
than anion exchange, was obtained by t r e a t i n g metakaol-
i n i t e (AlgSigO^) with a n e u t r a l s o l u t i o n of sodium fluoride,, 
The pH of the f l u o r i d e s o l u t i o n was observed to i n c r e a s e 
with i n c r e a s i n g r e a c t i o n time, thus a p p a r e n t l y 
i n d i c a t i n g t h a t hydroxyls were being r e l e a s e d from the 
met a k a o l i n i t e b Although s i l i c a and alumina were a l s o 
found to i n c r e a s e the pH of a n e u t r a l sodium f l u o r i d e 
s o l u t i o n on being suspended i n such a media, m e t a k a o l i n i t e 
cannot be considered to be a normal mixture of t h e s e 
two components ( A l ^ S l ^ O ^ or Ai20^e2 SiOg)o Indeedp 
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e l e c t r o n microscopy s t u d i e s ( 1 9 ^ ) have i n d i c a t e d t h a t 
the c h a r a c t e r i s t i c c r y s t a l s t r u c t u r e of k a o l i n i t e (hex-
agonal p l a t e s ) p e r s i s t s i n m e t a k a o l i n i t e even although 
the specimen may be amorphous to x-rayso T h e r e f o r e , 
i t can only be assumed t h a t the r e l e a s e of h y d r o x y l 
ions^'lnto s o l u t i o n was due to the d i s r u p t i o n of the 
a l u m i n o s i l i c a t e c r y s t a l l a t t i c e and not to anipn exchange^ 
3„ D i s r u p t i o n of the K a o l i n i t e C r y s t a l L a t t i c e by A c i d 
Sodium F l u o r i d e S o l u t i o n s 
Prom the d i s c u s s i o n above, concerning the h y d r o l y s i s 
of the f l u o r o s i l l o a t e l p n p . i t was expected t h a t an a c i d 
sodium f l u o r i d e s o l u t i o n (pH< 7) would y i e l d sodium 
f l u o r o s i l l o a t e as an extraneous s o l i d phase i n the k Q O l l n i t e 
residuSo 
ExperimentGtl r e s u l t s g i v e n elsewhere i n t h i s work 
I n d i c a t e d t h a t sodium f l u o r o s i l i c a t e as w e l l a s sodium 
f l u o r o a l u m l n a t e ( o r y o l l t e ) was being formed i n the s o l i d 
phaseo Formatlpn of these s o l i d phases was accompanied 
by an i n c r e a s e i n the pH of the a c i d sodium f l u o r i d e 
solution,, due presumably to the r e l e a s e of h y d r o x y l s 
from the c r y s t a l l a t t i c e o 
The r e a c t i o n i s I d e n t i c a l to the summarised r e a c t i o n 
1 5 0 
given i n the ohemioal equation 5 above, thus, 
Al^Si.^O^{OE) ^ + 10 Na* + 24 + 14 H^0+ 
2 Na^AlP^ • 2 Na^SlP^ • 2 ) H^O . , o . . . « . 5 
As mentioned prevtouslyp a t h e o r e t i c a l f*g/P v a l u e of 
22o4 can be computed f o r t h i s reaotiono 
E x p e r i m e n t a l l y p a P«/P v a l u e of 22oO was computed 
f o r the r e a c t i o n , although a c o r r e c t e d Pg/P v a l u e of 
2 5 0 5 was obtained on a l l o w i n g f o r the s o l u b i l i t y of 
sodium f l u o r o s l l l c a t e o The experimental OH/P r a t i o (Ool8) 
was obsejrved to be i n good agreement w i t h the t h e o r e t i c a l 
OH/P r a t i o {O0I6) given by equation 5 o 
Although c r y o l i t e has been considered to be one of 
the r e a c t i o n products ( x - r a y d i f f r a c t i o n d a t a ) ^ the 
v a r i a t i o n i n the NasAl and i n the H2OSAI r a t i o s i n s o l u t i o n 
has been shown by Cowley and S c o t t ( 1 9 3 ) to produce not 
only c r y o l i t C p but c h i o l i t e (Na^Al^P^^)p and hydrated 
aluminium f l u o j r i d e or a mixture of c r y o l i t e and o h i o l l t e 
or o h i o l i t e and hydrated aluminium f l u o r i d e as r e a o t i o n 
productso 
The p o s s i b i l i t y of other r e a c t i o n s a r i s i n g must 
t h e r e f o r e be oonsideredo I f c h i o l i t e i s produced I n s t e a d 
of o r y o l l t e then the f o l l o w i n g chemical equation may 
1 5 1 
be p o s s i b l e s 
3 Al2Si205(0H)4 + 22 Na* + 64 P* + 42 H^O* 
2 Na^AljF-L4 * ^ ^ ^ 2 ^ ^ 6 * ^ 2 ^ .<.o.-<,12 
A t h e o r e t i c a l Pg/P value of 20pO and a OH/P v a l u e of 
Ool8 can be computed f o r t h i s r e a ctiouo 
I f hydrated aluminium f l u o r i d e i s produced then the 
chemical equation becomes: 
Al2Si2Q^(0H)4 + 4 Na^ + 18 P" + 14 H^ O"*" 
2 (AlP^o3H20) + 2 NagSiP^ + 1 7 HgO . . 0 0 0 I 3 
I n t h i s case an experimental Pg/P val u e of 2 1 * 8 and a 
OH/P v a l u e of 0 o 2 1 can be computed f o r tl^e r e a c t i o n o 
C o n s i d e r a t i o n of a mixture of c r y o l i t e and c h i o l i t e 
would y i e l d a t h e o r e t i c a l Pg/P v a l u e of 1 9 o 9 and a OH/P 
vsLLue of O 0 I 8 , thuss 
2 A l 2 S i 2 0 5 ( O H ) ^ + 1 6 Na-*- + 44 P" + 28 H^O* 
= Na^AlP^ + Na^Al^P^^ + 4 Na^SiP^ + 46 H^O ool4 
S i m i l a r l y a mixture of c h i o l i t e and hydrated aluminium 
1 5 2 
f l u o r i d e would y i e l d a t h e o r e t i c a l P„/P v a l u e of 1 9 o 9 
and a OH/P v a l u e of 0 o l 9 o 
Examination of the s t a b i l i t y complexes (I90) f o r 
the formation of AlP^ and AlP^^" would appear to f a v o u r 
the formation of the AlP^^" complex ion i n the presence 
of an e x c e s s of f l u o r i d e ionso Also, a c c o r d i n g to Cowley 
and S c o t t ( 1 9 3 ) p a high NasAl r a t i o would fa v o u r the 
p r e c i p i t a t i o n of c r y o l i t e o 
Since x - r a y d i f f r a c t i o n p a t t e r n s have r e v e a l e d the 
presence of c r y o l i t e and not o h i o l i t e or hydrated aluminium 
f l u o r i d e , t h e n the r e a c t i o n t a k i n g p l a c e may be summarised 
by equation 5 ° ' 
Thus, the l o w e r i n g of the h y d r o x y l c o n c e n t r a t i o n 
of the f l u o r i d e solution,ioOo by working i n an a c i d 
s o l u t i o n , does not appear to favour an anion exchange 
r e a c t i o n { t h i s i s c o n t r a r y to the opinion on page 1 4 0 ) 
i n the case of k a o l i n i t e • Although the e x p e r i m e n t a l 
Pg/P v a l u e i s s l i g h t l y h i g h e r than the t h e o r e t i c a l Pg/P 
value as computed from equation 5 p { 2 5 o 5 compared to 2 2 o 4 ) , 
t h i s d i s c r e p a n c y i s most l i k e l y due to the presence of 
55^ of muscovite ( i m p u r i t y ) t a k i n g p a r t i n the r e a c t i o n , 
r a t h e r than to the replacement of hydroxyls i n the k a o l -
i n i t e c r y s t a l l a t t i c e by f l u o r i d e ionso (The presence 
of muscovite as an impurity would tend to lower the 
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experimental P^ /P veilue and not to increase the value,,) 
The presence of smcLLlj spherloalp p a r t i c l e s i n the 
fcaolinite residues seems to suggest that the formation 
of sodium f l u o r o s i l i o a t e takes place through an interc-
mediatep c o l l o i d a l phasep namely, s i l i o a o ( o o f o discussion 
of the reaction between k a o l i n i t e and hy d r o f l u o r i c acid) 
Such an observation may indicate that i n an acid f l u o r i d e 
s o l u t i o n there i s a p r e f e r e n t i a l loss of aluminium t o the 
sol u t i o n , the k a o l i n i t e c r y s t a l l a t t i c e c o l lapsing i n t o 
a silicate»type framework ( c o l l o i d a l s i l i c a ) o 
4o Disruption of the Klaolinite Crystal L a t t i c e by 
Adueous Hydrofluoric Acid 
Experimental r e s u l t s have indicated that the k a o l i n i t e 
residues a f t e r hydrofluoric acid treatment were apparently 
free of s o l i d phases such as aluminium f l u o r i d e , etco, and 
that at the lower temperature (20°C) a 3-dimeneional attack 
was thought possibleo 
The d i s s o l u t i o n of ka i b l i n i t e by aqueous solutions of 
hyd r o f l u o r i c acid was summarised by the f o l l o w i n g simpl-
i f i e d chemical equations 
Al2Si205(OH)4 + 24 P" • 14 H^ O* 
^ 2 AlP^^" • 2 SiP^^~ ^ 23 0 0 0 15 
1>4 
Theoretioally, 24 eciuivalents of f l u o r i d e would be re-
quired f o r the complete d i s s o l u t i o n of 1 gramme-moleoule 
of k a o l i n i t e p or 9o3 m i l l i e q u l v a l e n t e of f l u o r i d e per 
100 milligrammes of k a o l i n i t e c Gonsequentlyp the complete 
d i s s o l u t i o n of k a o l i n i t e n i t h 0o'40 Mo and Oo80 Mo solutions 
of h y d r o f l u o r i c acid would not be expeotedp since theoret-
i c a l l y only 455^  and 86^ ^ d i s s o l u t i o n was possible*, . However, 
the percentage d i s s o l u t i b h per 100 mgo of k a o l i n i t e was 
found to be greater than the above permissible valueso 
I t was concluded, thereforep that A1P^5° ions or SIF^^" 
ions were responsible f o r f u r t h e r reaction w i t h the 
k a o l i n i t e c r y s t a l l a t t i c d o 
At the higher temperature (50°C) equation 15 could 
not be assigned to the d i s s o l u t i o n of k a o l i n i t e and was 
modified i n order to acooiint f o r the formation of a 
s i l i c i c acid phase having ^n approximate SiO^s H2O r a t i o . 
of 2s lo Thus 
AlgSi^O^lOH)^ + 12 P- • 6 H^ O* 
= 2 A1P^5" • 2 SiO^sH^O * 9 E^O «l6 
The existence of the s i l i c i c acid phase (2Si02SH20) 
i n the presence of h y d r o f l u o r i c acid may be due t o the 
1 5 5 
s t a b i l i t y of t h i s aoid w i t h i n the pH range of pH l - 3 p 
especially i n the presence of f l u o r i d e ions ( 1 9 1 ) 0 
Acoording to I l e r { I 9 I ) the formation of euoh an acid 
may we l l indicate a hi g h l y oondeneed siloxane oage-llke 
struoture o 
I t would appear from the experimental observations, 
that at the higher temperaturopthere i s a p r e f e r e n t i a l 
loss of aluminilim from the k a o l i n i t e c r y s t a l l a t t i c e 
to the acid solutiono 
Electrpn microscopy examination of the k a o l i n i t e 
residues softer hydrofluoric acid treatment revealed 
the presence of c o l l o i d a l m a t e r i a l surrounding each 
i n d i v i d u a l k a o l i n i t e c r y s t a l i n the form of a membraneo 
Within t h i s membrane appeared amallp dense, spherical, 
i n c l u s i o n particleso Elxposure of the cr y s t a l s t o the 
electron beam caused the c o l l o i d a l membrane to swell 
to almost twice i t s o r i g i n a l size, although there was 
no apparent a l t e r a t i o n i n the dimensions of the i n c l u s i o n 
particleso The f a c t that t h i s c o l l o i d a l membrane swellsp 
without disrupting^ on exposure to the electrom beam 
may indicate thats 
( i ) the membrane i s undergoing decomposition w i t h the 
release v o l a t i l e components, or^ 
( i i ) the membrane i s slowly being sintered, due t o the 
1 5 6 
heating e f f e c t of the e l e c t r p a heazDp and therefore a 
c e r t a i n amonnt of r e o r y s t a l l i e a t i o n of the c o l l o i d a l 
material may he taking plaoOo 
The v o l a t i l e components i n ( i ) may be hydrogen f l u o r i d e ^ 
s i l i c o n tetrafluoridOp or vater vapouro Howeverp most 
of the water would prohably have been l o s t as water vapour 
immediately on subjecting the hydrated m a t e r i a l to the 
vacuum i n the electron mioroscopeo 7he f a i l u r e to detect 
f l u o r i d e i n the k a o l i n i t e re&idues could possibly be due 
to the loss of f l u o r i d e on drying the s o l i d phase at ^O^CD 
I l e r ( 1 9 1 ) has demonstrated that the f l u o r i d e ion 
can act as a catalyst i n the polytQ^risation of s i l i c i c 
. . . • - . . , ^ ^ ^ 
acid below pH lo^o The author has considered t h i s poly-
merisation mechanism to be due to the temporary expansion 
of the coordination number of s i l i c o n from 4 to 60 
I l e r has postulated that t h i s increase i n the coordination 
number of s i l i c o n w i l l only occur when a hydroxyl ion or 
a f l u o r i d e ion combines with monosilicic acid (Si(OH)^)^ 
The a d d i t i o n of such an ion would i n the f i r s t Instance 
a l t e r the coordination number of s i l i c o n from 4 to 5 p the 
addition of a f«:rther ion or molecular water then increasing 
the coordination number to 60 ThuSo 
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Si(OH) - • H5O • OH" = fsilOHj^oH 0 
^ ^ L 5 2 -017 
and 
Si(OH)^ + HgO + P Si(OH) ^^2^^ 
^ P 
J.8 
Alexander (I94) however, has considered the polymerisation 
of mbnoeilicic acid i n the presence of f l u o r i d e ions 
to be a possible t h i r d order reaction, the reaction 
proceeding as follows: 
2 S i { O H ) ^ + P"' »"PoSi(0H)2-0-Si(0H)^ • OH" 0 0 I 9 
The monofluprosillolo acid then reacting w i t h a f u r t h e r 
two molecules of monosilicio acid to produce f i r s t the 
f l u o r o - t r i m e r and then the trimer i t s e l f , without f u r t h e r 
i n t e r v e n t i o n of another f l u o r i d e ion: 
PoSi(OH)^-0-Si(OH). + Si(0H)/--^(0H)4Si ^^^SilOHj-O-SiCOH). 
.<,20 
and 
P 
(OH) .Si. 7 S l { O H ) - 0 - S i ( 0 H ) , 
{0H)^Si-0-Si(0H)2-0-Si(0H)^ • H* • p- 21 
Pormation of the trimer would be accompanied by the 
release of f l u o r i d e ions and hydrogen ions back i n t o 
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I' solutiono Thus, HF i s acting as a c a t a l y s t 1^ the poly-
merisation of s i l i c i c acid and i s promoting the formation 
of siloxane bonds (Si<='0-Si)o The breaking of such bonds 
acoording to Alexander, i s catalysed by hydroxyl ions 
but not by f l u o r i d e ions* 
Such a mechanism may possibly account f o r the forma* 
t i o n of the observed c o l l o i d a l membrane surrounding each 
of the k a o l i n i t e c r y s t a l s and the appearance of spherical 
p a r t i c l e s of s i l i c a dispersed among the k a o l i n i t e c r y s t a l s ^ 
5e E f f e c t of the Sodium Cation on the Dis s o l u t i o n of 
K a o l i n i t e 
The percentage d i s s o l u t i o n of Ka-kaolinite was found 
experimentally to be less than the percentage d i s s o l u t i o n 
of H-kaolinite under the same experimental oonditions* 
Since i t i s generally accepted t h a t the cation exchange 
capacity of k a o l i n i t a varies between } r l 5 mecio/lOO gm© 
at pH 7 (46), and since 100 migo of k a o l i n i t e was used 
throughout the work, then i t i s reasonable t o assume th a t 
that the Na*kaolinite would have a n e g l i g i b l e e f f e c t i n 
a l t e r i n g the pH of the hy d r o f l u o r i c acid solution,(which 
would a l t e r the percente^ge dissolutiono) 
The v a r i a t i o n i n the percentage d i s s o l u t i o n between 
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H-kaolinite and l!la»kaolinlte was most l i k e l y due to the 
formatlox) of an Insoluble fluoro-oomplex on the c r y s t a l 
surface of Na-kaollnltep the f l u o r i d e ions having to 
d i f f u s e through t h i s s o l i d b a r r i e r before attacking the 
c r y s t a l l a t t i c e and transporting the reaction products 
i n t o solutiouo The nature of such a s o l i d phase i s doubt-
f u l o However, Cowley and Scott (193) have car r i e d out 
an extensive study of the v a r i a t i o n i n the NasAl and the 
HgOsAl r a t i o s f o r the p r e o l p i t a t i o n of o r y o l l t e o Their 
work shows that as the NasAl r a t i o decreases and the 
H20;A1 r a t i o increases so the tendency i s t o produce 
e i t h e r a mixture of c r y o l i t e and o h i o l i t a p c h i o l l t e and 
hydrated aluminium f l u o r i d e or c h l o l i t e i t s e l f Instead 
of c r y o l i t e e I n the d i s s o l u t i o n of Na-kaolinite the 
tendency would be f o r the Na:Al r a t i o to decrease as 
the reaction proceeded^ Thereforsp I f the reaction does 
r e s u l t i n the formation of a s o l i d phase on the c r y s t a l 
surface of k a o l i n i t e , the s o l i d phase would most l i k e l y 
be e i t h e r a mixture of c r y o l i t e and o h l o l i t e or a mixture 
of p h l o l i t e and hydrated aluminium f l u o r i d e rather than 
a single oz*yollte phasco 
i6o 
66 Possible I n t e r p r e t a t i o n of the V a r i a t i o n i n the 
Relative I n t e n s i t y of the 001/002 D i f f r a c t i o n Peak 
Ratio of K a o l i n i t e a f t e r Acid Fluoride Treatment. 
6a„ The I n t e n s i t y Equation f o r X-Ray Reflections;-
, The 
Bragg r e l a t i o n s h i p ( n ^ = 2doSinp-©') only gives the geom-
e t r i c a l conditions that must be s a t i s f i e d i f a r e f l e c t i o n 
i s to ocouro The i n t e n s i t y of the r e f l e c t i o n depends 
upon several f a c t o r s which include l i ) the Structure 
Factor, ( i i ) the Scattering Factor, ( i i i ) the Temperature 
Factor, ( i v ) the Lorentz-polarlsation Factor, (v) the 
M u l t i p l i c i t y and Kxtinotion Factors, and ( v i ) the Absorp-
t i o n Factor (IB^,195,19^)« 
6a, ( i ) The Structure Factor; -
The structure f a c t o r 
(or amplitude) determines how the i n t e n s i t i e s of the 
r e f l e c t i o n s from a c r y s t a l depends on the atomic arrang-
ement w i t h i n the u n i t cello To calculate t h i s f a c t o r 
i t i s necessary to know (a) how many electrons each atom 
i s equivalent to (the Atomic Scattering Factor, f ) and 
(b) how the x--ray waves from the d i f f e r e n t atoms combine 
(the Structure Factor)o The two may be expressed i n the 
I 6 l 
form of the Geometrical Structure Paotors 
P h k l ; ^ f ^ o e x p o 2 T T i( h X p + ky^j + Iz^^) .,. .If 
where x^, y^ ,^ and z^^ are the coordinates of an atom ' n' 
and f ^ i s the atomic s c a t t e r i n g f a c t o r f o r that atom* 
Such an expression may be resolved i n t o r e a l and 
imaginary parts, such that, 
P h k l 18 
where 
and 
S i m i l a r l y , 
A = / f •CoSc2rT(hx + ky l a ) .^IQ 
Z n n n n ' 
.20 B = ^ f ^ o S i n . 2 T T ( h x ^ * ^^n * ^^n' 
h k l ' = A^ . B2 21 
6 a , ( i i ) The Scattering Factor;-
The s c a t t e r i n g f a c t o r , 
f , w i l l vary wit h the type of atom present i n the c r y s t a l * 
Since the atoms are not merely points, but occupy a definte 
volume, the scattering f a c t o r w i l l .be dependent on the 
wavelength of the x«rays, X , and on the Bragg angle, O-o 
Thus, the scatte r i n g f a c t o r , f , varies w i t h SlUo^/y^ o 
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6 a , ( i l l ) The Temperature Factor: -
The temperature 
f a c t o r i s necessary since the atoms at ordinary tempera-
tures are i n a state of thermal v i b r a t i o n and therefore, 
occupy a larger volume than they would I f they were at 
r e s t o The scattering f a c t o r , t h e r e f o r e , has to be modified 
i n order to account f o r temperature e f f e c t s , thus, 
f = f^oexpo(-BiSln^^/X 2) , i . 2 2 
where f ^ i s the atomic s c a t t e r i n g f a c t o r of an atom at 
re s t , f i s the atomic s c a t t e r i n g f a c t o r of an atom i n 
thermal v i b r a t i o n , and B i s usually taken as a constanto 
6a,(iv) The Lorentz-polarlsatlon Factor;-
The Lorentz-
p o l a r i s a t i o n f a c t o r , (jP, also varies w i t h the Bragg angle,-9-, 
and may be expressed i n a combined form with the geometrical 
stiructure f a c t o r as, 
(P ^ 1 + Coso^ 2 e / S i n o 2 ^ o,.... 23 
f o r r e f l e c t i o n s from a small, single, c r y s t a l and as 
(p ^ 1 + Coso^ 2e/sino^-eo Coso-e 24 
f o r randomly orientated c r y s t a l l i t e s o 
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6a, ( v , v i ) The I n t e n s i t y Equation;-
The i n t e n s i t i e s 
of a r e f l e c t i o n may be expressed i n the summarised form: 
I ^ |p|^o(^Apop 25 
where A^ i s the absorption f a c t o r f o r a powder and p i s 
the m u l t i p l i c i t y factore 
6b« The I n t e n s i t y Equation applied to K a o l i n i t e ; -
The t h e o r e t i c a l i n t e n s i t i e s f o r the 001 (-7.12^Ao) 
and 002 (3«58°A<,) x-ray r e f l e c t i o n s of k a o l i n i t e were 
calculated from equation 25o (The absorption and m u l t i -
p l i c i t y factors were not considered i n an approximate 
evaluation of the i n t e n e i t i e s o ) The mean atomic s c a t t -
ering f a c t o r of each atom i n the k a o l i n i t e u n i t c e l l was 
evaluated from data given i n 'The I n t e r n a t i o n a l Tables 
f o r X-Ray Crystallography' ( 1 9 7 ) « 
I n the t h i s p a r t i c u l a r case, the geometrical structure 
f a c t o r s f o r the 001 and 002 r e f l e c t i o n s of k a o l i n i t e were 
computed by means of a vector diagram of the 'Layer 
Scattering Factor,Fj^ - t h i s i s the product of the mean 
atomic scattering factor.and the number of s i m i l a r atoms 
i n the same atomic layer of the u n i t c e l l - and the 
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calculated phase angles of each atomic layer responsible 
f o r s c a t t e r i n g the x-ray waveso The phase angles were 
computed from the s t r u c t u r a l data on k a o l i n i t e , a s given 
by Brindley and Robinsbta ( 5 5 ) o 
The f o l l o w i n g table i l l u s t r a t e s how the data was evaluated: 
Unit c e l l 
Structure 
^Oo atom 
d 
(°A,) ^001 
( 0 0 1 ) 
Phase 
angle 
(001) 
f 
002 (002) 
Phase 
angle 
(002) 
6 o2- 0.00 9oOO 5 4 . 0 0 6 o 7 0 40o2 0 
4 Si*^ Oo6o 9 o 8 9 3O0O 9 . 5 9 3 8 o 4 6O0O 
4 0^-
2 OH- 2 o l 9 
9<.oo 
8 b 18 
">6.o 
l 6 , 4 
llOoO 6 b 7 0 
7 o 3 5 
2 6 0 8 
14o7 
220«0 
4 A l ^ 3 . 2 7 9o84 3 9 . 4 l 6 4 o 5 9 o 5 l 380O 3 2 9 . 0 
6 OH" 8 o l 8 4 9 . 1 2 2 0 0 0 7 o 3 5 44ol 440.0 
o o o o o e 
6 o2-
• 000 
7 o l 5 
9 O O 0 
9 o Q Q . 
0 0 « e 
5 4 o 0 
0 0 0 O" 0 
3 6 0 0 0 
e 0 0 0 
6 o 7 0 
0000 
40o2 
00000 
72O0O 
The Lorentz-polarlsation f a c t o r , (p, f o r the 001 and 002 
basal r e f l e c t i o n s of k a o l i n i t e were computed from equation 
24p knowing that 6- = 6°12« f o r the 001 r e f l e c t i o n and 
-a = 12°26' f o r the 002 r e f l e c t i o n o j^tj^ w^as found to have 
a value of l 6 8 o 5 ; (j!)^ _^ was found to have a value of 40o5o 
A t y p i c a l vector diagram used f o r computing the 
layer s c a t t e r i n g f a c t o r i s shown ( t o scale) below: 
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I'oox 
Vector diagram f o r the 001 basal r e f l e c t i o n of kaoliniteo. 
\ = 7 6 . 0 
Vector diagran f o r the 002 basal r e f l e c t i o n of k a o l i n i t e 
1 6 6 
Prom equation 2 5 , i t f o l l o w s that the 0 0 1 / 0 0 2 i n t e n s i t y 
r a t i o w i l l be given by: 
l o c . / l 002 
T 001 
V o o o o o o • a e o 2 6 
P, • (pool 
S u b s t i t u t i o n of the approprifiite values i n t o equation 2 6 
y i e l d s a t h e o r e t i c a l 0 0 1 / 0 0 2 i n t e n s i t y r a t i o of 1 ^ 6 9 . 
fixperimentally the r a t i o was observed to be l o l 2 o 
600 The I n t e n s i t y Equation applied to K a o l i n i t e a f t e r 
Pluoride Treatments -
The v a r i a t i o n i n the r e l -
a t i v e i n t e n s i t y r a t i o of the 0 0 1 and 0 0 2 basal r e f l e c t i o n s 
of k a o l i n i t e a f t e r treatment with acid f l u o r i d e solutions 
may possibly be due to: 
( i ) a l t e r a t i o n i n the geometrical structure f a c t o r , which 
i s dependent upon the layer s c a t t e r i n g f a c t o r and the 
phase angle of the scattered x*»ray waves. 
( i i ) a l t e r a t i o n i n the absorption factoro 
The p o s s i b i l i t y of ( i ) e f f e c t i n g the i n t e n s i t y r a t i o 
was investigated by assuming that a migration of cations 
could take place without any a l t e r a t i o n i n the dimensions 
of the u n i t cello The migration of cations, such as A l ' ^ , 
1 6 7 
+ 4+ 
AKOH)^ P Si o e t c o p would be' addompanied by a reverse 
migration of ^  or H^O* ions from soluti o n Into the c r y s t a l 
l a t t i c e i n order to maintain e l e c t r i c a l n e u t r a l i t y of the 
c r y s t a l l a t t i o S o Calculation of the new atomic s c a t t e r i n g 
factorSp etOop and construction of new vector diagrams 
f a i l e d to produce a decrease i n the 001/002 r e l a t i v e 
i n t e n s i t y . r a t i o ( e o g o the migration of A1^5=^H* was 
observed to increase the 001/002 r a t i o from l o 6 g to 
i,-70 on t h e o r e t i c a l l y e x t r a c t i n g a l l of the A l - ^ from 
the k a o l i n i t e u n i t c e l l o ) The p o s s i b i l i t y of a l t e r a t i o n 
i n the phase angles of the scattered x-ray waves a s a 
cause f o r the v a r i a t i o n i n the GOl/002 r e l a t i v e I n t e n s i t y 
r a t i o was thought to be very u n l i k e l y , since t h i s would 
mean a rearrangement of the atoms w i t h i n the u n i t c e l l 
without causing any noticeable a l t e r a t i o n i n the dimensions 
of the u n i t c e l l i t s e l f o 
The'absorption of x-rays by a specimen has the e f f e c t 
of diminishing the lower orders of r e f l e c t i o n s as compared 
w i t h the higher orders of r e f l e c t i o n s (55p183pI95)o The 
presence of a non-crystalline s o l i d phase oh the surface 
of the k a o l i n i t e c r y s t a l s would e f f e c t i v e l y o f f e r a greater 
path length f o r the 001 r e f l e c t e d x-ray waves than f o r the 
602 r e f l e c t e d x-ray w a v e s o Thus, the i n t e n s i t y of the 
001 basal r e f l e c t i o n would decrease f a s t e r than the 002 
basal r e f l e c t i o n as the thickness of the non - c r y s t a l l i n e 
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s o l i d phase on the surface of the k a o l i n i t e crystals." i n -
creasedo I f the s o l i d phase lacked a s u f f i c i e n t degree 
of order (extremely small c r y s t a l l i t e size) then the s o l i d 
may we l l be amorphous to x - r a y s e Such an amorphous phase 
was i n f a c t observed during the reaction between k a o l i n i t e 
and aqueous solutions of hy d r o f l u o r i c a c l d o 
7 o Possible Reaction Kinetics of the Dissolution of 
K a o l i n i t e 
Although the experimental techniques employed i n t h i s 
work were not considered as suitable methods f o r studying 
the reaction k i n e t i c s of the d i s s o l u t i o n of k a o l i n i t e 
with aqueous solutions of hy d r o f l u o r i c acidp i t was 
developed as a matter of Interesto 
Let the weight of aluminium occupying a octahedral 
p o s i t i o n i n the k a o l i n i t e c r y s t a l l a t t i c e be 'A', and the 
weight of tetrahedral s i l i c o n be ' S'« Then i n a given 
reaction time ' t ' , the rate of d i s s o l u t i o n of aluminium 
from the c r y s t a l l a t t i c e w i l l be given by; 
- dA/dt = k'A o.ooooo.o.oo o 2 7 
where k' i s the apparent rate constants S i m i l a r l y , the 
l 6 9 
r a t e of d i s s o l u t i o n of s i l i c o n from t h e • c r y s t a l l a t t l a e 
i n the same r e a c t i o n time ' t ' w i l l be given by: 
- dS/dt = k"S ooo 28 
vTihere k" i s the apparent r a t e oonstanto 
I f the r e a c t i o n r a t e i s p r o p o r t i o n a l t o the q u a n t i t y of 
unchanged product then a f i r a t - o r d e r r e a c t i o n may be 
assumedo I f both aluminium and s i l i c o n are being brought 
i n t o s o l u t i o n then the o v e r a l l r e a c t i o n r a t e w i l l be 
given by the summation of equation 2 7 and equation 28, 
thus, 
- dA/dt - dS/dt = k'A • k:"S 2 9 
I n t e g r a t i o n of t h i s equation between the l i m i t s of zero 
r e a c t i o n time when the weight o f aluminium i n the fcaolinite 
c r y s t a l l a t t i c e i s A^, and the weight of s i l i c o n i n the 
k a o l i n i t e c r y s t a l l a t t i c e i s SQ, and r e a c t i o n t i m e , t , 
y i e l d s : 
InoA + InoS = IHOAQ + ^^ '•So - + <,o30 
I n the form of the l o g a r i t h m t o the base t e n eq u a t i o n 3 0 
becomes: 
logo(AS) = logolA^S^) « (k' + k " ) t / 2 o 3 
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Thus, a p l o t of the residue weight (AS) (absoissa) a g a i n s t 
r e a c t i o n time ( t ) ( o r d i n a t e ) on a sem i l o g a r i t h m i o paper 
should give a s t r a i g h t l i n e graph of slope - (k' + k " ) / 2 . 3 
or k * / 2 0 , where k* = te' -f k"« 
Exp e r i m e n t a l l y , a p l o t of the residue weight (expressed 
as a percentage residue per 1 0 0 mg. of a l u m i n o s i l i c a t e ) 
a g a i n s t r e a c t i o n time on a se m i l o g a r i t h m i o paper gave a 
s t r a i g h t l i n e graph having two d i f f e r e n t separate slopes* 
The i n i t i a l slope r e p r e s e n t i n g a r e l a t i v e l y f a s t r e a c t i o n 
rate.was observed to. be independent of temperature and 
h y d r o f l u o r i c a c i d conoentration.. However, the slope 
r e p r e s e n t i n g a r e l a t i v e l y slow r e a c t i o n r a t e was observed 
t o be dependent upon both r e a c t i o n temperature and the 
c o n c e n t r a t i o n of h y d r o f l u o r i c a c i d . Assuming t h a t the 
r e a c t i o n i s also f i r s t - o r d e r w i t h respect t o the concen-
t r a t i o n of h y d r o f l u o r i c a c i d used, then the expression 
given by equation 2 9 may be r e v i s e d t o : 
- dA/dt - dS/dt = k'CoA +. k"C,S J2 
where C i s the a c i d concentratlone 
I n t e g r a t i o n of equation J2 between the same l i m i t s as 
were used f o r the i n t e g r a t i o n of equation 2 9 y i e l d s : 
ln»A + In.S = IDOAQ + ln«S - (k' + k").Ct c.JJ 
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I n the form of the l o g a r i t h m t o the base ten e q u a t i o n JJ 
becomes: 
log.(AS) = logolA^S^) - (k' + k " ) < , C t / 2 0 3 4 
Thus, a p l o t of the residue weight (AS)(abscissa) a g a i n s t 
the product of r e a c t i o n time and c o n c e n t r a t i o n of hydro-
f l u o r i c a c i d ( o r d i n a t e ) on a s e m i l o g a r i t h m i c paper should 
give a s t r a i g h t l i n e graph of slope - ( k ' + k " ) / 2 o 3 or 
k * / 2 « 3 where k* = k' + k"• 
E x p e r i m e n t a l l y , a s t r a i g h t l i n e graph having two 
d i f f e r e n t separate elopes was oboerved on p l o t t i n g the 
the residue weight (expressed as a percentage residue 
per 1 0 0 mgo of a l u m i n o s i l i c a t e ) against the product of 
r e a c t i o n time and acid concentrationo At the lower temp-
e r a t u r e i t was found t h a t the s l o w - r e a c t i o n r a t e was 
p r a c t i c a l l y independent of a c i d c o n c e n t r a t i o n below a 
acid, c o n c e n t r a t i o n of l o 2 0 gmomoleo/litre» The r e a c t i o n 
r a t e was however s t i l l dependent upon temperature* 
The fast-reaction,whose r e a c t i o n r a t e was computed 
to be 0o2 h r , " ^ f o r the d i s s o l u t i o n of k a o l i n l t e i n aqueous 
s o l u t i o n s of h y d r o f l u o r i c a c i d , may p o s s i b l y be due t o 
the f o r m a t i o n of an amorphous phase ( c o l l o i d a l membrane) 
enveloping the k a o l i n i t e c r y s t a l s , thus producing a 
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d i f f u s i o n o o n t r o l l e d e f f e o t on the r a t e of d i s e o l n t i o n o 
I n the e a r l j stages of the r e a c t i o n I t vas found t h a t 
the r a t e of d i s s o l u t i o n of k a o l l n l t e vas dependent upon 
the r a t e of s t i r r i n g s t h i s J.B o h a r a o t e r l s t l b of a d i f f u s i o n 
o o n t r o l l e d r e a c t i o n ^ 
The fa8t«reaotion inay a l s o represent the t r u e 
d i s s o l u t i o n of alumlnluQi. and s i l i o o n from the k a o l i n i t e 
c r y s t a l l a t t i o e o I f p hoveverp a f t e r the f i r s t 'few hours 
most o f the aluminium has been brought i n t o s o l u t i o n p then 
the r e a c t i o n beoomes no more than the d i s s o l u t i o n o f 
s i l i o o n from a slloxcme framevorko Conse(iuently, the 
elope of the l i n e |representing the f a s t ^ r e a c t i o n r a t e 
w i l l a l t e r from i t s o r i g i n a l value of - ( k ' k " ) / 2 . 3 
t o - k ' » / 2 o 3 o , i o O o ^ ' t h e slope o f the-graph * 1 1 1 decrease 
i n value o 
The former statement,that the f a s t - r e a c t i o n may p o s s i b l y 
be due t o an amorphous phase^is s u b s t a n t i a t e d t o a c e r t a i n 
e x t e n t by the i n t e r p r e t a t i o n made above on the change of the 
0 0 1 / 0 0 2 r e l a t i v e i n t e n s i t y r a t l O o 
8o D i s r u p t i o n of the Felspar C r y s t a l L a t t i c e by Ac i d 
Sodium F l u o r i d e S o l u t i o n s 
fizperimental r e s u l t s have I n d i c a t e d the presenoe of 
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sodium fluoroaluminatSj, sodium f l u o r o s i l i o a t e p and 
potassium f l u o r o s i l i c a t e o 
The r e a c t i o n between f e l s p a r and a c i d sodium f l u o r i d e 
s o l u t i o n s was summarised by the f o l l o w i n g chemical equation: 
KAlSi^Og + 9 Na* + 2 5 P" + 1 6 H^ O"^  
= Na^AlP^ 3 Na^SiP^ + KP + 2 4 H^ O . o . . c 3 5 
A t h e o r e t i c a l P /P value of 2 0 o 6 and a K/P value of 
4 o 2 X 1 0 " ^ ( 2 4 m i l l i e q u i v a l e n t of f l u o r i d e are l o s t from 
s o l u t i o n t o the s o l i d phase f o r every 1 m i l l e q u i v a l e n t of 
potassium brought i n t o s o l u t i o n ) ceui be computed from 
equation 3 5 o 
E x p e r i m e n t a l l y , a c o r r e c t e d I^g/^ value of 2 0 0 6 and 
a K/P value of 3o8 x 1 0 was evaluated f o r the r e a c t i o n 
between f e l s p a r and a c i d sodium f l u o r i d e s o l u t i o n s o The 
d i f f e r e n c e i n the e q u i l i b r i u m c o n c e n t r a t i o n of sodium 
f l u o r o s i l i c a t e a t 20°C f o r t h i s r e a c t i o n ( 8 0 O mgo/lO mlo) 
and the e q u i l i b r i u m c o n c e n t r a t i o n of sodium f l u o r o s i l i o a t e 
at 20°C f o r the r e a c t i o n between k a o l i n i t e and a c i d sodium 
f l u o r i d e s o l u t i o n s ( 9 o l mgo/lO mlo) was most probably due 
to the presence of potassium ions i n s o l u t i o u o ( S t o l b a ? 7 
has reported t h a t the s o l u b i l i t i e s of both sodium and 
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potassium f l u o r o s i l i o a t e s are depressed by the presence 
of potassium ions i n s o l u t i o n o ) 
Equation 3 5 however, i n d i c a t e s t h a t o n l y c r y o l i t e 
and sodium f l u o r o s i l i o a t e are being produced as extraneous 
s o l i d phases, whereas x»ray d i f f r a c t i o n data has a l s o 
shown the presence of potassium f l u o r o a l u m i n a t e i n the 
s o l i d phasso I t i s necessary, t h e r e f o r e , t o modify equa-
t i o n 3 5 i n order t o account f o r the presence of potassium 
fluoroaluminatOo The c o n c e n t r a t i o n of potassium f l u o r o -
aluminate produced as a s o l i d phase would be expected 
t o be c o n t r o l l e d by the s o l u b i l i t y of c r y o l i t e and the 
c o n c e n t r a t i o n of potassium ions i n s o l u t i o n o Thus, i f 
the s o l u b i l i t y product of c r y o l i t e i s SQ and the s o l u b i l i t y 
product of potassium f l u o r o a l u m i n a t e i s Sp, then since 
SQ = ( N a + ) 5 . { A 1 P ^ 5 - ) and Sp = ( K * ) 5 , ( A I F ^ ^ - ) 
i t f o l l o w s t h a t , 
SQ/S^ a (Na^/K*)^ oooeooo 3 6 
Thus, a t e q u i l i b r i u m and i f both N a ^ l P ^ and K^AIP^ are 
present as s o l i d phases, the Na*/K* c o n c e n t r a t i o n r a t i o 
i s f i x e d o 
NeverthelesSp e q u i l i b r i u m c o n d i t i o n s were not reached 
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a t the lower temperature ( 2 0 ° G ) and only Just reached i n 
the l a t e r stages of the r e a c t i o n a t the h i g h e r temperature 
( 5 0 ^ 0 ) o Despite the f a c t t h a t e q u i l i b r i u m c o n d i t i o n s 
were not reached, potassium f l u o r o a l u m l n a t e was s t i l l 
d etected I n the f e l s p a r residues*, The presence of potass-
ium f l u o r o a l u m i n a t e i n the s o l i d phase under these cond-
i t i o n s may be due t o e q u i l i b r i u m c o n d i t i o n s being set up 
I n the immediate v i c i n i t y of the c r y s t a l surfacSo 
Due t o the f o r m a t i o n of potassium f l u o r o a l u m l n a t e 
the c o n c e n t r a t i o n of potassium ions i n s o l u t i o n (as d e t e r -
mined e x p e r i m e n t a l l y ) would be l e e s than the a c t u a l con-
c e n t r a t i o n of potassium being brought i n t o s o l u t i o n o 
This i n t u r n would tend t o lower the K / F r a t i o below i t s 
t r u e value ( i o e o the K/P r a t i o would have a value l e s s 
than the t h e o r e t i o a l value o f 4 o 2 x 1 0 " ^ ) and e f f e c t i v e l y 
increase the c o n c e n t r a t i o n o f f l u o r i d e being l o s t from 
s o l u t i o n t o the s o l i d phase above the t h e o r e t i o a l value 
of 2 4 o 0 m l l l i e q u l v a l e n t s of f l u o r i d e per 1 m i l l i e q u l v a l e n t 
o f potassium brought i n t o s o l u t l o n c 
9 o D i s m p t i o n oif tfab Felspar C r y s t a l L a t t i c e by Aqueous 
S o l u t i o n s of H y d r o f l u o r i c Aoid.c 
Prom the K/P r a t i o , which was computed t o have a value 
1 7 6 
of approximately I 7 x 10"^ a f t e r the i n i t i a l 24 hours 
of the r e a c t i o n , and the PQ^/F value of 4 7 ^ 6 , the f o l l o w i n g 
r e a c t i o n was thought p o s s i b l e : 
KAlSl^Of. + 24 F" + 16 H.O* 
- A1F^^° ^ 3 ^ ^ ^ 6 ^ ' + > 24 ....... o 3 7 
Equation 37 i n d i c a t e s t h a t f o r every m l l l l e q u l v a l e n t of 
potassium being brought I n t o s o l u t i o n 6 m l l l i e q u i v a l e n t s 
of f l u o r i d e are b e i n g ' l o s t from s o l u t i o n t o the s o l i d 
phase, (more c o r r e c t l y , 6 f l u o r i d e ions have been l o s t 
from s o l u t i o n due t o the f o r m a t i o n of the n o n - t i t r a t a b l e 
AlF^-^" complex i o n ) , i o O o the K/F r a t i o should have a 
••2 
t h e o r e t i c a l value of l 6 * 6 x 10* o The t h e o r e t i c a l P ^ / F 
r a t i o should have a value of 46o3« This agrees w e l l w i t h 
the experimental.P^/P r a t i o of 47.60 
The c o n c e n t r a t i o n of potassium i n s o l u t i o n was observed 
t o reach a s a t u r a t i o n value of approximately 7.2 x 10"^ 
meqoK*/lO ml. of s o l u t i o n w i t h i n 48 hours of the r e a c t i o n 
commencing. I t may be expected, t h e r e f o r e , t h a t w i t h i n . 
the immediate v i c i n i t y of the c r y s t a l surface (and bearing 
i n mind t h a t the heterogeneous r e a c t i o n was u n s t i r r e d ) 
the c o n c e n t r a t i o n of potassium f l u o r o a l u m i n a t e exceeds 
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the s o l u b i l i t y c o n c e n t r a t i o n and i s consequently thrown 
out of s o l u t i o n i n the form of a s o l i d phasSo T h i s may 
account f o r the d e t e c t i o n of potassium f l u o r o a l u m i n a t e 
i n the f e l s p a r residues ( x - r a y d i f f r a c t i o n ) <> 
A simple c a l c u l a t i o n f o r the d i s s o l u t i o n of the f e l s p a r 
c r y s t a l l a t t i c e i n d i c a t e s t h a t only 8 5 6 m i l l i e q i v a l e n t s 
of f l u o r i d e are r e q u i r e d f o r the complete d i s s o l u t i o n of 
1 0 0 mg. of f e l s p a r ( e q u a t i o n 3 7 ) * E x p e r i m e n t a l l y , the 
c o n c e n t r a t i o n of h y d r o f l u o r i c a c i d used was 0^40 and 
t h e r e f o r e t h e o r e t i c a l l y o nly 4 7 5 ^ d i s s o l u t i o n was possible*. 
The r e a c t i o n a t the h i g h e r temperature tended t o t h i s 
l i m i t i n g value ( 4 7 ^ ) a f t e r 1 6 8 hours^ 
The d i f f i c u l t y i n d e t e c t i n g the end-point of the 
f l u o r i d e t i t r a t i o n ( f o r m a t i o n of an a l i s a r i n - l a k e ) i n 
the l a t e r stages of the r e a c t i o n was b e l i e v e d t o be due t o 
the l a r g e q u a n t i t i e s of AlP^^ ions i n s o l u t i o n o (Such 
d i f f i c u l t i e s had been found e a r l i e r d u r i n g the study of 
the r e a c t i o n between k a o l i n i t e and aqueous s o l u t i o n s of 
h y d r o f l u o r i c acido) 
Two d i f f e r e n t r e a c t i o n r a t e s were observed f o r the 
d i s s o l u t i o n of f e l s p a r o The f a s t - r e a c t i o n was found t o 
be independent of temperature and had a computed r a t e 
of O0O2 hro"^o The s l o w - r e a c t i o n was observed t o be 
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dependent upon temperature and had a computed r a t e of 
0 . 0 0 1 hro""^ a t 20°c and 0 o 0 0 2 h r . " l a t 5 0 ° C o S i m i l a r 
observations were r e p o r t e d f o r the r e a c t i o n between 
k a o l i n i t e and h y d r o f l u o r i c . a c i d o However, i t must be 
remembered t h a t the p a r t i c l e s i ze of the k a o l i n i t e was 
i n the order of l^e«s<,do, whereas the f e l s p a r p a r t i c l e s 
were only f i n e r than 200-mesh« Consequently, the d i s s o l -
u t i o n of k a o l i n i t e would be expected t o be f a s t e r than 
the d i s s o l u t i o n of f e l s p a r due t o a l a r g e r surface area 
being exposed t o the a c i d * 
1 0 * Reaction between Muscovite and a N e u t r a l Sodium 
F l u o r i d e Solutiono 
Most of the r e a c t i o n s between muscovlte and f l u o r i d e 
s o l u t i o n s have been s t u d i e d a t e i t h e r h i g h temperatures 
or at h i g h temperatures and pressureso Bven so, workers 
i n t h i s f i e l d have r e p o r t e d t h a t up t o 2 5 ^ of h y d r o x y l s 
i n the muscovite c r y s t a l l a t t i c e can be replaced by 
f l u o r i d e ions (ca. 4 No KP s o l u t i o n s ) a t h i g h pressures 
w i t h o u t decomposition of the muscovlte c r y s t a l l a t t i c e . 
I f the replacement of h y d r o x y l s i n the muscovite c r y s t a l 
l a t t i c e i s t o take place, w i t h o u t decomposition o f the 
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c r y s t a l l a t t i c e , then a p p l i c a t i o n of the weight gain or 
weight l o s s technique t o the r e a c t i o n should give a t h e o r -
e t i c a l Pg/P value of 2 , 0 , i r r e s p e c t i v e of the value o f 
'xV i n equation > 8 o 
K A 1 2 ( A 1 S 1 ^ 0 ^ Q ) ( 0 H ) 2 • xP" = KAl2(AlSi^O^^)(OH)^ ^P^ ^ xOE' 
3 8 
E x p e r i m e n t a l l y , a Pg/F value o f 1 5 ^ 0 was computed f o r the 
r e a c t i o n * 
However, the muscovite sample was known t o c o n t a i n 
i n the order of 2 0 ^ of Inseparable k a o l i n i t e ( p r e s e n t 
as an impurity)« The l a r g e Pg/F value ( 1 5 o 0 ) may p o s s i b l y 
be due t o the decomposition of the k a o l i n i t e and not due 
t o the decomposition of the muscovite c r y s t a l l a t t i c e . 
E a r l i e r r e s u l t s on the r e a c t i o n between k a o l i n i t e and 
a n e u t r a l sodium f l u o r i d e s o l u t i o n have already i n d i c a t e d 
t h a t the r e a c t i o n products a t pH 7 and above are probably 
sodium f l u o r o a l u m i n a t e ( c r y o l i t e ) , s i l l o i o a c i d , Sl(OH)^, 
and p o s s i b l y small amounts of AlgSlgO^lOH)^^^.P^. Therefore 
I g n o r i n g the p o s s i b i l i t y of anion exchange i n k a o l l n i t e 
and assuming t h a t only a replacement of hyd r o x y l s I n the 
mueoovite c r y s t a l l a t t i c e b y . f l u o r i d e ions takes place, 
then equation 3 8 may be r e v i s e d and presented i n the 
180 
f o l l o w i n g form: 
KAl2(AlSi-0^Q)(0H)2 ^ 
„ o o o - « o o , c o o c . * o o o + l o 2 Na + ( 2 o 4 + x) P~ + H^ O 
0o2 Al^Si^O^lOH)^ - 2 
= KAl^tAlSi^O^^) (OH)^ ^oF^ + 0o4 Na^AlP^ + 0.4 Si(OH)^ -i-
( l o 2 + x) OH" 3 9 
A t h e o r e t i c a l Pg/P value of 1 3 . 5 can be computed f o r 
t h i s r e a c t i o n i f x i a zero, i ^ e ^ no anion exchange, and 
a P /P value .less than 1 3 . 5 i f x < 2 > 0 o 
1 1 o D i s r u p t i o n of the Muscovite C r y s t a l L a t t i c e by Acid 
Sodium F l u o r i d e S o l u t i o n s 
The r e a c t i o n between muscovite and a c i d sodium f l u o r i d e 
s o l u t i o n s have i n d i c a t e d t h a t sodium f l u o r o a l u m i n a t e p 
sodium f l u o r o s i l i c a t e p and potassium f l u o r o a l u m i n a t e were 
being formed as s o l i d phases i n the muscovite residues w i t h 
the release of h y d r o x y l ions i n t o s o l u t i o n o 
The f o l l o w i n g r e a c t i o n was thought l i k e l y : 
KAl2(AlSi^03^Q)(OH)2 + 1 5 Na* + 3 7 + 22 H^ O"^  
3 Na^AlP^ + 3 Na^SlP^ + KP + 3 4 H2O . o..... 40 
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A t h e o r e t i c a l Pg/P value of 2 2 o l , a OH/P value, of 
O o 0 5 5 # and a K/P value of 2 6 7 x 1 0 * can be computed from 
equation 4 0 o 
E x p e r i m e n t a l l y , only the I*g/P r a t i o was i n agreement 
w i t h thet t h e o r e t i c a l r a t i o s , the OH/P and K/P r a t i o s 
having experimental values of O o l O and l o 2 x 1 0 " ^ respeot-
i v e l y o I t f o l l o w s t h e r e f o r e , t h a t equation 4 0 i s not 
a t r u e summary of the a c t u a l r e a c t i o n t a k i n g pla6eo 
Now the c o n c e n t r a t i o n of potassium i n s o l u t i o n was 
observed t o reach e q u i l i b r i u m a f t e r 4 8 hours a t the lower 
temperature ( 2 0 ^ 0 ) , the potassium c o n c e n t r a t i o n being 
estimated a t 3*3 x 1 0 ' ^ meqoK;*/lO mlo of s o l u t i o n o Also, 
the r e a c t i o n at the h i g h e r temperature f a i l e d t o e s t a b l i s h 
e q u i l i b r i u m c o n d i t i o n s , even a f t e r 2 4 0 hourso Then since 
the c o n c e n t r a t i o n of potassium f l u o r o a l u m i n a t e i n the 
s o l i d phase would be c o n t r o l l e d by the c o n c e n t r a t i o n o f 
potassium i n s o l u t i o n and the s o l u b i l i t y of sodium f l u o r o -
aluminate, l o C o the Na^ /K"^  r a t i o i s f i x e d a t e q u i l i b r i u m , 
then the c o n c e n t r a t i o n of potassium determined experimen-
t a l l y would be lower than the a c t u a l c o n c e n t r a t i o n of 
potassium brought i n t o s o l u t i o n o Hence, the p o s s i b l e 
l o w e r i n g of the experimenteil K/P r a t i o from the computed 
t h e o r e t i c a l K/P r a t i O o 
18f2 
Since the musoovite samples contained i n the order 
o f 205S inseparable k a o l i n i t e and since e a r l i e r work has 
i n d i c a t e d t h a t the k a o l i n i t e c r y s t a l l a t t i c e was. r e a d i l y 
decomposed by f l u o r i d e s o l u t i o n s , w i t h the release o f 
h y d r o x y l ions i n t o s o l u t i o n , then i t may w e l l be t h a t the 
h y d r o x y l c o n c e n t r a t i o n i n the s o l i d phase as determined 
e x p e r i m e n t a l l y may not be a t r u e h y d r o x y l o o n q e n t r a t i o n 
f o r muscovlteo 
Consequently, equation 4 0 was m o d i f i e d a c c o r d i n g l y : 
K A l p 4 A l S i ^ 0 , - . ) { 0 H ) . ^ ^ 
« , o t ?.tr • 17 Na* + 4 1 o 8 P- • 2 4 . 8 H-,0 
0o2 A l g S i ^ O ^ l O H ) ^ ' ^ 
3 o 4 Na^AlP^ + 3 o 4 Na^SiP^ + KP • 3 8 0 6 H^O 4 1 
Equation 4 1 i n d i c a t e s t h a t the r e a c t i o n i s one o f 
d i s r u p t i o n of the musoovite c r y s t a l l a t t i c e and not one 
of replacement of h y d r o x y l s i n the muscovite c r y s t a l 
l a t t i c e by f l u o r i d e ionsb T h e o r e t i c a l l y , a Pg/P value 
of 22ol, a OH/P value of O o O I 5 8 , and a K/P value of 
2 e 4 X 10"^ can be computed from e q u a t i o n 4 1 o These 
r a t i o s are not i n good agreement w i t h the observed exp-
e r i m e n t a l r a t i o s o 
1 8 3 
1 2 o D i s r u p t i o n of the Muscovite C r y s t a l L a t t i c e by 
Aqueous S o l u t i o n s of H y d r o f l u o r l o A c i d . 
The nature of the s o l i d phase a f t e r treatment w i t h 
aqueous s o l u t i o n s of h y d r o f l u o r l o a c i d was not c o n o l u s i v e , 
although i t was thought t h a t potassium f l u o r o a l u m i n a t e was 
present as an extraneous phase i n the muscovite r e s i d u e s . 
An approximate K/P value of 1 5 0 8 i 10"^ was computed 
f o r the r e a c t i o n a f t e r the i n i t i a l 24 hours of the reaotiono 
This i n d i c a t e d t h a t approximately f o r every 6 m l l l l e q . u l v -
a l e n t s of f l u o r i d e l o s t from s o l u t i o n t o the s o l i d phase 
1 m i l l e q u i v a l e n t of potassium was brought i n t o s o l u t i o n . 
At the lower temperature (20°C),the graph of the p l o t of 
the c o n c e n t r a t i o n of potassium i n s o l u t i o n a g a i n s t the 
c o n c e n t r a t i o n of f l u o r i d e l o s t from s o l u t i o n became p r a c t -
i c a l l y p a r a l l e l t o the potassium a x i s a f t e r the i n l t i a t l 
24 hours, although a f t e r 120 hours, the graph showed signs 
of l e v e l l i n g o f f , thus p o s s i b l y i n d i c a t i n g t h a t th6 s o l u t i o n 
was approaching a s a t u r a t i o n c o n c e n t r a t i o n w i t h r e s p e c t 
t o potassiumo 
The r e a c t i o n was summarised by equation 42, thus, 
KA12(A1S1^0^Q)(0H)2 + 3 7 F " + 22 H^O* 
3 AlP^^" + 3 S1P^2- > KF 3 4 H^O 42 
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A t h e o r e t i c a l P^ /^P value of 2 2 o l , a OH/F value o f 
O o l l , and a K/P value of 5«.5'x 10"^ can be computed from 
equation 4 2 o Experimentallyp only the OH/P r a t i o agrees 
w i t h the t h e o r e t i c a l r a t i o . I t must be assumed, t h e r e f o r e , 
t h a t equation 4 2 does not represent a t r u e r e a c t i o n f o r 
the d i s s o l u t i o n of muscovite i n h y d r o f l u o r i c a c i d . 
C o n s i d e r a t i o n of. the presence of 205^  of k a o l i n i t e as an 
i m p u r i t y i n the muscovite f a i l e d t o give s a t i s f a c t o r y 
F-^/F and K/P r a t i o S o ( A P;I^/F value of 2 2 ^ 5 , a OH/P value 
of 0*13, and a K/P value of 4 o 9 x 10'^ were computed.) 
I t would appear,from an examination of the concen-
t r a t i o n of potassium i n s o l u t i o n , t h a t the e x t r a c t i o n of 
potassium ions from the musoovite c r y s t a l l a t t i c e was 
more e f f e c t i v e than the d i s s o l u t i o n of aluminium from 
the c r y s t a l l a t t i c e . Potassium f l u o r o a l u m i n a t e w i l l 
o nly appear i n the s o l i d phase, t h e r e f o r e , when the con-
c e n t r a t i o n of potassium f l u o r o a l u m i n a t e i n s o l u t i o n has 
reached the s a t u r a t i o n c o n c e n t r a t i o n . The graph o f the 
p l o t of the c o n c e n t r a t i o n of potassium i n s o l u t i o n a g a i n s t 
the c o n c e n t r a t i o n of f l u o r i d e l o s t from s o l u t i o n t o the 
s o l i d phase would then be expected t o l e v e l o f f as t h e 
s a t u r a t i o n c o n c e n t r a t i o n was reached and then f a l l o f f 
as potassium f l u o r o a l u m i n a t e was thrown out of s o l u t i o n 
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Q8 a B o l i d phaseo T h i s would e f f e c t i v e l y deoreaee and 
not i n c r e a s e the K / F r a t i o e^s was pbservedo S i n c e a 
s a t u r a t i o n c o n c e n t r a t i o n of potassium i n s o l u t i o n was 
p r a c t i c a l l y reached a t the lower temperature, then the 
c o n c e n t r a t i o n of potassium i o n s i n s o l u t i o n , e s p e c i a l l y 
a t the h i g h e r temperature, may w e l l be i n e x c e s s of the 
c o n c e n t r a t i o n r e q u i r e d f o r the p r e c i p i t a t i o n of potassium 
fluoroaluminatOo 
Now i t i s known t h a t i n w e l l c r y s t a l l i n e micas the 
potassium i s s u b s t a n t i a l l y non-exchangeableo However, 
the degree of s u b s t i t u t i o n i n the a l u m l n p s i j . i c a t e c r y s t a l 
l a t t i c e w i l l determine whether the potassium i s exchang-
eable ( a s i n the case of the i l l i t e s where only about 
o n e - s i x t h of the s i l i c o n atoms have been replaced) or 
non-exchangeable, as i n the case of the w e l l - c r y s t a l l i n e 
micas (where one-fourth of the s i l i c o n atoms have been 
replaced)« 
The l a r g e r e l e a s e of potassium ions i n t o s o l u t i o n 
may be due to: 
( i ) a simple c a t i o n exchange r e a c t i o n talcing p l a c e , thus, 
KAl2(AlSi^03^Q)(0H)2 + H*' ^ HAl2( AlSi^O^^) ( OH) ^ + ^ - - 4 3 
( i i ) a replacement of s i l i c o n atoms i n the muscovite 
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c r y s t a l l a t t i c e by t e r v a l e n t i o n s suoh as Al-^o t h u a 
producing e l e c t r i c a l i n s t a b i l i t y w i t h i n the c r y s t a l 
l a t t i c e , the s t a b i l i t y only being r e s t o r e d by the l i b -
e r a t i o n of an e q u i v a l e n t amount of IC* i o n s i n t o solutiono 
( i i i ) a s u b s t i t u t i o n of oxygens i n the s i l o x a n e framework 
by f l u o r i d e ione^ thus c a u s i n g e l e c t r i c e i l i n s t a b i l i t y 
w i t h i n the c r y s t a l l a t t i c e , , R e l e a s e of K"*" ions i n t o 
s o l u t i o n being n e c e s s a r y to . r e s t o r e e l e c t r i c a l n e u t r a l i t y 
to the c r y s t a l l a t t i c e o 
Although e i t h e r of these h y p o t h e s i s may e x p l a i n the 
r e l e a s e of l a r g e amount of potassium i o n s i n t o s o l u t i o n , 
the f a c t s t i l l remains t h a t t h e r e i s a d i s c r e p a n c y i n 
the observed P^/P r a t i o and the t h e o r e t i c a l P i / P r a t i o 
as given by equation 42o 
13o D i s r u p t i o n of the K a o l i n i t e C r y s t a l L a t t i c e by 
Hydrogen P l u o r i d e Vapour. 
The experimental c o n d i t i o n s f o r the r e a c t i o n between 
k a o l i n i t e and hydrogen f l u o r i d e vapour a t room temperature 
have not been f u l l y I n v e s t i g a t e d or definedo The r e a c t i o n 
products are t h e r e f o r e l i k e l y t o be v a r i a b l e i n both t h e i r 
chemical composition and i n t h e i r behaviouro 
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I n the ' open-system' experiments i t was found t h a t 
s i l i o o n was being l o s t from the s o l i d phase and t r a n s -
ported i n t o the gaseous phase, presumably as the gas 
s i l i o o n t e t r a f l u o r i d e o I n the 'olosed-system' experiments 
i t was thought t h a t an e q u i l i b r i u m c o n d i t i o n may have been 
s e t up between the c o n o e n t r a t i o n of s i l i c o n t e t r a f l u o r i d e 
i n the gaseous phase and the oonoentration of s i l i c o n 
t e t r a f l u o r i d e i n the s o l i d p h e ^ o (Exposure of the i n t e r i o r 
of the g l a s s d e s i o o a t o r to the hydrogen f l u o r i d e vapour 
would i n c r e a s e the s i l i c o n t e t r a f l u o r i d e o o n o e n t r a t i o n 
i n the gaseous phase*,) T h i s may p o s s i b l y account f o r the 
percentage weight g a i n observed d u r i n g the 'clOsed-syBtem' 
experiments r a t h e r than the percentage weight l o s e observed 
d u r i n g th!e "open-system' experiments^ The r e s i d u e s a f t e r 
d r y i n g a t 50°C f o r 48 hours were found to c o n t a i n f l u o r i d e o 
Only the r e s i d u e s obtained a f t e r long exposure t i m e s 
to the hydrogen f l u o r i d e vapour { 3 3 days) and under the 
* closed-system' experimental c o n d i t i o n s , showed the 
presence of new x«ray d i f f r a c t i o n pealcso The x - r a y r e -
f l e c t i o n s could not be i d e n t i f i e d ( c o f o page 1 3 0 ) 0 
Other f a c t u a l evidence i n c l u d e s the d e t e c t i o n of 
i n f r a r e d a b s o r p t i o n bands a t 3 ^ 0 8 / ^ ( 3 2 5 0 om^*^) and a t 
6 o 0 3 y M . ( l 6 6 0 c m o " * ) ( c o f o a l s o the r e a c t i o n between k a o l i n i t e 
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and aqueous s o l u t i o n s of h y d r o f l u o r l p a o i d ) , the f o rmation 
of an a o i d s o l u t i o n on h y d r o l y s i s ^ i t h water ( w i t h l o s s 
i n weight of the s o l i d ) p and a v a r i a b l e l o s e i n weight 
of the t r e a t e d k a p l i n i t e samples on r e c e i v i n g thermal 
treatment,with the formation of m u l l i t e . 
Although the s t o i c h i o m e t r i o r e l a t i o n s h i p f o r the 
r e a c t i o n between k a o l l n i t e and hydrogen f l u o r i d e vapour 
was unknowup the observed r e a c t i o n s may be summarised 
by the f o l l o w i n g equations: 
Al^Si^Oc(OH) ^  + HP, , — H K a o l i n i t e - H P , , + S i P - , , o o 44 2 2 5 4 (g) ( s ) 4(g) 
600=800°Co 
K a o l i n i t e - H P j »-Al20^:Sip2 • HgO + 
45 
The nature of the k a o l i n i t e - H P phase i s h y p o t h e t i c a l , 
f u r t h e r experimental work being n e c e s s a r y f o r a more 
complete understanding of t h i s reaction*, 
The r e l e a s e of s i l i c o n from the k a o l i n i t e c r y s t a l 
l a t t i c e i n t o the gaseous phase, where i t i s t r a n s p o r t e d 
away presumably as the gas s i l i c o n t e t r e i f l u o r i d e , may 
be due to the a l t e r a t i o n i n the c o o r d i n a t i o n nunber of 
s i l i c o n from 4 to 5 or to 6 0 Such a change i n the' coord-
i n a t i o n number of s i l i c o n could take p l a c e by the a d d i t i o n 
of a f l u o r i d e i o n i n the f i r s t i n s t a n t ( c o o r d i n a t i o n 
1 8 9 
number a l t e r s from 4 to 5) and p o s s i b l y a f u r t h e r a d d i t i o n 
of a f l u o r i d e ion ( o r a n e u t r a l ' w a t e r molecule) a t a 
l a t e r date ( c o o r d i n a t i o n number a l t e r s from 5 to 6)« 
The a d d i t i o n of a f l u o r i d e i o n to the s i l o x a n e s t r u c t u r e 
would most l i k e l y cause d i s t o r t i o n of the e l e c t r o n s i n 
the d - o r b i t a l e , thus e f f e c t i v e l y changing a t e t r a h e d r a l 
s p a t i a l arrangement ( s p ^ or ed3) to a o c t a h e d r a l s p a t i a l 
arrangement ( d ^ s p ^ ) ^ Such an a l t e r a t i o n may enable the 
s i l i c o n atom to migrate from the i n t e r i o r of the k a o l i n i t e 
c r y s t a l l a t t i c e to the s u r f a c e of the c r y s t a l , where i t 
i s removed as s i l i c o n t e t r a f l u o r i d e a f t e r the a d d i t i o n 
of f u r t h e r f l u o r i d e ionso 
The m i g r a t i o n of a i l i c o n i s l i k e l y to cause a counter 
m i g r a t i o n of protons from the a c i d vapour phase to the 
s o l i d 'phase i n order to m a i n t a i n e l e c t r i c a l n e u t r a l i t y 
of the c r y s t a l l a t t i c e o Assuming t h a t the oxygen frame-
work i s preserved during the r e a c t i o n ( I 9 8 ) , then the 
mi g r a t i o n of s i l i c o n from the c r y s t a l l a t t i c e i n t o the 
gaseous phase and the counter m i g r a t i o n of protons from 
the gaseous phase to the s o l i d phase would e f f e c t i v e l y 
convert the s i l o x a n e framework i n t o a s i l a n o l framework. 
Thus, 
190 
OH OH 
A l 
OH OH OH OH 
r x I / \ I 
A l Al- A l 
OH ^0 0 OH 
\ J 
HP vapour 
(H^O vapour) 
20°Co 
A l 4 S i ^ 0 ^ ^ ( 0 H ) 3 
(a) O r i g i n a l k a o l i n i t e 
OB OH OH OH OH OH 
A l A l A l A 
0 ^0 OH ^ 0 0 OH 
I I 
^ ^ ^ ^ o -
M i g r a t i o n 
S i 4*. 4H 
OH OH OH OH OH OH 
A l A l "Al 
0 OH OH ^ 0 
S i 
l \ 
OH OH 
A l 
OH OH 
I 
S i 
/ l \ OH OH OH H ^ 
A d d i t i o n of 
P"ion 
Al^Si^0^Q(0H)3P2 
( b) I n c r e a s e i n the ,0. No. 
of s i l i c o n from 4 to 5 due 
to presence of P" i o n . 
• S i P ^ 4 
( c ) M i g r a t i o n of S i ^ out 
of the c r y s t a l l a t t i c e and 
counter m i g r a t i o n of H*o 
A l ^ S l 2 0 2 ( 0 H ) ^ ^ 
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The formation of a s i l a n o l frapiework mEiy then be 
accompanied by e i t h e r a replacement of h y d r o x y l s i n the 
framework by f l u o r i d e i o n s and p o s s i b l e a d s o r p t i o n of 
a monolayer of molecular water or a f u r t h e r a l t e r a t i o n 
i n the c o o r d i n a t i o n number of the remaining s i l i c o n atoms 
by the a d d i t i o n of another f l u o r i d e ion« The former 
r e a c t i o n may be continued from the s t r u c t u r a l diagram 
( c ) above: 
.OH OH. OH OH OH, OH 
A l A l A l A l 
0 OH OH ^ 0 OH OH 
2 OH 
S i 
I \ P OH 
O H O H r 
0 O H 
I 
S i \ 
OH A 
OH OH OH 
(d) Exchange of hydroxyle i n 
/ the Si-OH framework by P" ions 
H^O 
OH OH OH OH 
I X I / - \ L . 
A l A l A l 
OH 0 OH OH 
I 
SI 
/ 1 \ / 
OH P OH OH 
,0. 
H H 
(e) Adsorption of a. mono-
l a y e r of molecular-water» 
A l ^ S i 2 0 2 ( 0 H ) ^ ^ o P 2 ( 2 H^O) 
1 9 2 
V a r i a t i o n i n the extent of the exchange of s i l a n o l 
hydroxyle i n the freunework by f l u o r i d e i o n s would determine 
the f i n a l a n a l y s i s of the k a o l i n i t e - H P phase^ The s t r u c t -
u r a l diagram (e) may p o s s i b l y be the s t r u c t u r e of k a o l i n i t e -
I f the u n i t c e l l of k a o l i n i t e - H P i s assumed to be 
Al^S±^0^(0E)^^oF^(2 HgO), then the formation of k a o l i n i t e - H P 
from k a o l i n i t e would be accompanied by an approximate 
l o 5 ^ l o s s i n weights The r e s i d u e would a l s o a n a l y s e 
f o r 1 meqoP"/l momole, of k a o l i n i t e . S m a l l l o s s e s i n 
weight were a c t u a l l y observed i n the 'open-system' exp-
eriments* 
The thermal decomposition of k a o l i n i t e - H P may be 
summarised as f o l l o w s : 
600-800^0 
p ) — A ; 
k a o l i n i t e - H P ( 1 : 1 m u l l i t e ) 4 6 
kl^S1^0^{0E)^^oF^(2 H^P) A l ^ O y S i O ^ • 8 H^O • 2 HP 
Such a r e a c t i o n would be accompanied by a l o s s i n 
weight of 3 6 * 2 ^ . However, the l o s s i n weight of k a o l -
i n l t e - H P on thermal decomposition would a l s o depend upon 
the e x t e n t of the exchange of s i l a n o l h y d r o x y l s by f l u o r i d e 
i o n s , and the amount of water adsorbed i n t o the s t r u c t u r e . 
The p o s s i b i l i t y of the l o s s of s i l i o o n t e t r a f l u o r i d e 
from kaolinirte-HP a t 600°'C r a t h e r than hydrogen f l u o r i d e 
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( e q u a t i o n 46) i s u n l i k e l y s i n c e the r e a c t i o n 
SiO^ 4^  4 HP ^ S i P ^ • 2 E^O 47 
i s endothermio i n the d i r e c t i o n S i P ^ + 2 HgO—^SiO^ • 4 HP 
and the e q u i l i b r i u m l i e s towards the l e f t s i d e of eq u a t i o n 
47 the more water vapour ther e i s present i n the r e a c t i o n . 
Thus, hydrogen f l u o r i d e i s i n c r e a s i n g l y favoured a s t h e 
temperature inoreaseso 
S i n c e the s c a t t e r i n g f a c t o r of 0^", OH", and P* a r e 
not g r e a t l y d i f f e r e n t from one another v e r y l i t t l e change 
i n the i n t e n s i t y of the k a o l i n i t e r e f l e c t i o n s w i l l o ccur. 
Perhaps more important i s t h a t the s t r u c t u r e of k a o l i n i t o -
HP may not be g r e a t l y d i f f e r e n t from the o v e r a l l dimensions 
of the u n i t c e l l of k a o l i n i t e . 
The k a o l i n i t e - H P produced i n the 'closed-system' 
experiments may not be of the same nature as the k a o l i n i t e -
HP produced i n the 'open-system' experiments. 
T a b l e s of E x p e r i m e n t a l Data 
TABLE 1 
Disaolution of H-kaolinite I n Hydrofluoric Aoido Results a t 2(fCo/5CPCc 
HP Concentration 0 o 4 0 Mo HF Concentration 
< 
0 o 4 0 Mo 
Reaction % Weight % Residue Reaction % Weight % Residue 
Time Loss Time Loss 
( h r s o ) ( h r S o ) 
0 0 o o o lOOoO 0 o o o o lOOoO 
1 3 o 0 9 7 o 0 1 1 5 o 2 8 4 o 8 
2 l l o 6 8 8 o 4 2 I 6 o 0 8 4 o 0 
4 12 J 8 7 o 9 4 1 8 o 5 81 o 5 
2 4 2 5 o 8 7 4 o 2 2 4 27oO 73oO 
4 8 2 7 o 1 7 2 o 9 4 8 4 0 o 4 5 9 c 6 
72 3 5 o 4 6 4 o 6 7 2 4 3 o 4 5 6 o 6 
9 6 3 4 o 9 6 3 o 1 9 6 4 6 o 3 5 3 o 7 
1 2 0 4 1 oO 5 9 oO 1 2 0 5 3 o 1 4 6 o 9 
1 6 8 5 4 o 4 4 5 o 6 1 6 8 62oO 3 8 o O 
2 4 0 6 0 o 4 3 9 o 6 2 4 0 6 9 o 8 3 0 o 2 
Temperatureooooo 20^Co Temperatureo o o o o 5 0 ^Co 
HF Concentration Oo80 Mo HP Concentration 0 o 8 0 Mo 
Reaction % Weight % Residue Reaction % Weight % Residue 
Time Loss Time 
(hrso) ( h r S o ) 
0 o o o o lOOoO 0 o o o o I O O 0 O 
1 l 8 o 5 81 o 5 1 2 0 c 4 7 9 o 6 
2 2 2 o 0 78oO 2 1 9 o 7 8 0 o 3 
4 2 4 o 0 7 4 e 2 4 2 6 o 4 7 3 o 6 
2 4 3 2 o 2 6 7 o 8 2 4 4 3 e 8 5 6 o 2 
4 B 4 0 o 0 6 0 o O 4 8 6 8 o 1 31 o 9 
7 2 kUoO 5 6 o 0 . 7 2 7 0 o 8 2 9 o 2 
9 6 5 2 o 0 4 8 o 0 9 6 8 3 o O 1 7 o 0 
1 2 0 5 7 o 2 4 2 o 8 1 2 0 91 o 3 8 o 7 
1 6 8 6 4 o 1 3 5 o 9 1 6 8 93o9 6 0 I 
2 4 0 7 4 o 5 2 5 o 5 2 4 0 9 3 o 6 4 o 4 
Temperatureooooo 20^Co Temperatureooooo 5 0^Co 
TABLE 2 
Dissolution of H-kaolinite i n Hydrofluoric Acido Results a t 20°C/50°C 
HP Concentration 1 o 2 0 Mo HP Concentration 1 o 2 0 Mo 
Reaction f I Weight % Residue Reaction % Weight % Residue 
Time Loss Time Loss 
(hrso) (hrso) 
0 o o o o IOO0O 0 0,0 0 0 IOO0O 
1 20oO 8 O 0 O 1 3 5 o 7 6 4 o 3 
2 27.6 7 2 o 4 2 3 9 o 0 6 1 oO 
4 2 8 o 2 7 1 0 8 4 41 oO 5 9 o O 
2 4 41 o8 5 8 o 2 2 4 6 9 o 7 30o3 
4 8 50o9 49o1 4 8 8 0 o 9 1 9 o l 
72 59 o 4 4 O 0 6 7 2 91 o9 8„1 
9 6 6 4 o 2 3 5 o 8 9 6 9 6 o 3 3 o 7 
120 6 7 o 1 32«9 1 2 0 9 7 c 3 2 o 7 
1 6 8 7 9 - 4 2O06 1 6 8 9 7 o 3 2 o 7 
2 4 0 91 oO 9oO 240 9 7 o 3 2 o 7 
Temperatureooo< ,0 20°Co T emperature 0 0 0 oo50°Co 
HF Concentration I06O Mo HP Concentration 1 0 6 O Mo 
Reaction % Weight ? i Residue Reaction % Weight % Residue 
Time Loss Time Loss 
(hrso) (hrso) 
0 O 0 0 IOO0O 0 0000 IOO0O 
1 2 2 o 6 8 7 o 4 1 3 5 o 7 6 4 o 3 
2 32o0 6 8 0 O 2 52 o 4 4 7 o 6 
4 4 6 0 O 5 4 o 0 4 5 4 o 8 4 5 o 2 
2 4 5 9 oO 41 oO 2 4 8 6 o 5 t3o5 
4 8 73oO 27oO 4 8 9 6 0 8 3o2 
7 2 8 3 o 9 I60I 72 97o3 2 o 7 
9 6 8 7 o 0 13o0 9 6 97o3 2 o 7 
1 2 0 9 5 o 7 4o3 1 2 0 9 7 o 3 2 o 7 
1 6 8 9 7 o 2 2 o 8 1 6 8 9 7 o 3 2 o 7 
2 4 0 9 7 o 3 2 o 7 240 9 7 o 4 2 o 6 
Temperatureo o o 00 20^Co T emperature 0 0 0 0 c 5CPCo 
Dissolution of Na-kaolinite i n 0 o 4 0 Mo Hydrofluoric Aoido(2tf*C«) 
Reaction Time (hrso) 
9 6 120 1 6 8 240 1 2 4 2 4 4 8 7 2 
% W e i ^ t LofrB e 0 0 0 3o1 I I 0 6 12o4 2 2 . 8 2 5 o 3 2 4 - 1 29«6 "3:300 3 5 e 2 41 oO 
% Residue IOO0O 9 6 o 9 8 8 o 4 8 7 o 6 7 7 o 2 7 4 o 7 7 5 o 9 7 0 o 4 67oO 6 4 . 8 5 9 . 0 
TABLE 3 
Diasolution of H-kaolinite i n Hydrofluoric Acidc Product of 
Reaction Time and Hydrofluoric Acid Concentration, 
HF Concentration 0 o 4 0 M» 
Reaction HF Concentration % Residue at % Residue a t 
Time X 20° Co 50°Co 
! (hreo) Time 
(gm<,mole/litre hro) 
1 0 o 4 0 97oO 8 4 o 8 
2 0 o 8 0 8 8 o 4 8 4 o 0 
4 1 o 6 0 8 7 o 9 81 o 5 
2 4 9 o 6 0 7 4 o 2 7 3 o 0 
i f 8 19o2 7 2 o 9 5 9 o 6 
7 2 2 8 o 8 6 4 o 6 56o6 
9 6 3 8 b 4 65o1 5 3 a 7 
i26 4 8 « 0 59oO 4 6 o 9 
168 6 7 o 2 4 5 o 6 38oO 
2ifO 9 6 o 0 3 9 o 6 3 0 o 2 
HF Concentration Oe80 Mo 
Reaction HF Concentration % Residue at % Residue a t 
Time X 50PCo 
(hrflo) Time 
(gmomole/litro hr©) 
1 Oo80 81 o5 64.3 
2 1 o 6 0 7 8 . 0 61 eO 
4 3«20 7 6 o 0 59oO 
2 4 19o2 6 7 o 8 30o3 
4 f l 3 8 o 4 6 0 o 0 19o1 
72 57 e 6 56oO 8 o 1 
9 6 7 6 o 8 4 8 . 0 3.7 
120 96oO 4 2 , 8 2 o 7 
1 6 8 134o4 3 5 o 9 2 o 7 
i 240 
L. 
192.0 25.5 2 e 7 
TABLE k 
Diasolution of H-kaolinite i n Hydrofluoric Acid. Product of 
Reaction Time and Hydrofluoric Acid Concentration. 
HP Concentration 1 o 2 0 Mo 
Reaction HF Concentration % Residue at % Residue a t 
Time X 20**Co 50°Co 
(hrso) Time 
(gmofflole/litre hr*,) 
1 1 o 2 0 80oO 6 4 o 3 
2 2«40 7 2 o 4 61.0 
if 4 o 8 0 71 o8 5 9 o 0 
2 4 28.8 5 8 o 2 30.3 
4 8 57o6 49o1 l 9 o 1 
7 2 86.4 4 0 o 6 8.1 
96 115o2 35o8 3.7 
1 2 0 14i*-o0 32o9 2.7 
1 6 8 201 o 6 2 0 o 6 2.7 
2 4 0 288.0 9oO 2.7 
HP Concentration 1o60 Ho 
Reaction HF Concentration % Residue at % Residue at 
Time X 20°Co 50°Co 
(hroo) Time 
(gmomole/litr© hro) 
1 1 o 6 0 87o4 6 4 o 3 
2 3o20 6 8 o 0 47o6 
4 6 e 4 0 5 4 o 0 45.2 
2 4 38o4 41 oO l3o5 
4 8 7 6 o 8 2 7 o 0 3o2 
7 2 115o2 16.1 2o7 
96 153o6 13o0 2.7 
1 2 0 1 9 2 o 0 4o3 2o7 
1 6 8 268.8 2 o 8 2.7 
240 384o0 2.7 2o6 
TABLE 5 
Chemical Analysis of the K a o l i n i t e Residue a f t e r HP Treatments 
% Loss i n 
Weight 
Reaction SiO^ % Al 0 
Time 
(hrso) (A) (B) 
J % HgO T o t a l % 
(c) 
Mole Ratio j 
A : B : C 
i p 
2 5 . 8 
3 4 o 9 
6 0 o 4 
2 4 4 7 . 8 39.5 
9 6 4 5 . 6 39.7 
2 4 0 4 4 o 7 39.4 
15.5 1 0 2 . 8 
1 4 . 7 1 0 0 . 0 
15.9 1 0 0 . 0 
2.0 1.0 2 o 2 
2.0 1 « 0 2.2 
2.0 1.0 2.4 
ND 
ND 
ND 
HP Concentration 0 o 4 0 Mo Temperature«.... 20**C. 
4 0 o 4 
6 2 o O 
4 8 4 4 . 0 33.8 
1 6 8 66.8 25 . 7 
1 4 . 9 92 . 7 
1 2 . 2 1 0 4 . 7 
2.0 0 . 9 2.2 
2.0 0 . 5 0 . 6 
ND 
ND 
HP Concentration 0.40 M. Temperature....« 50PC. 
3 2 o 2 
5 7 o 2 
2 4 4 5 . 3 38.8 
1 2 0 4 4 . 7 4 1 . 0 
1 4 . 8 9 8 . 9 
14.0 99.7 
2 o 0 1.0 2 o 4 
2.0 1.0 2.2 
ND 
ND 
HF Concentration OedO M. Temperature.«... 2 t f * C . 
4 3 o 8 
7 0 . 8 
2 4 60cO 2 4 . 9 
72 7 0 . 0 2 0 . 9 
15.1 1 0 0 . 0 
15.1 1 0 6 . 0 
2.0 0 . 6 1 .6 
2.0 0 . 4 1 . 5 
ND 
ND 
HP Concentration 0.80 M. Temperature 
4 1 o 8 
5 9 o 4 
7 9 o 4 
2 4 4 3 o 0 33.3 
7 2 42 . 6 4 6 o 5 
1 6 8 43o3 4 0 . 7 
l 8 o 4 9 4 . 4 
17.1 1 0 6 . 2 
1 6 . 0 1 0 0 . 1 
2.0 0.9 2.9 
2 o O 1 . 3 2 . 7 
2.0 1.1 2 . 5 
ND 
ND 
ND 
HP Concentration 1 . 2 0 M, Temperature.o.». 2 0 ° C . 
4 1 oO 
6 9 o 7 
4 70oO 2 0 . 5 
2 4 88 . 3 NoDo 
1 5 o 9 1 0 6 . 4 
15.4 1 0 3 . 7 
2 o O 0 . 3 1 . 5 
2.0 - 1.2 
ND 
ND 
HP Concentration 0 . 8 0 M. Temperaturso..o. 
3 2 o O 
59oO 
8 3 * 9 
2 4 0 . 5 4 0 . 5 
2 4 4 9 . 8 38.2 
72 4 9 . 4 3 4 o 0 
15.2 9 6 . 2 
1 8 . 9 106 . 9 
17.8 1 0 1 . 3 
2 o 0 1.1 2 . 5 
2.0 0 . 9 2 . 5 
2.0 0.8 2.4 
ND 
ND 
ND 
HP Concentration 1.60 M« Temperature 2 0 ° C . 
5 4 o 8 
8 6 o 5 
4 60oO 25 . 7 
2 4 9 0 . 3 N.D. 
15.3 1 0 1 . 0 
1 2 . 9 1 0 3 . 2 
2.0 0 . 5 1 . 7 
2.0 - 0 . 9 
ND 
ND 
HF Concentration 1.60 Mo Tempera t \ i r e . . . . . 50°Co 
TABLE 6 
E f f e c t of S t i r r i n g on the Rate of Dissolution of K a o l i n i t e i n 
Hydrofluoric Acid. Results f o r the F i r s t Hour of the Reaction. 
of s t i r r i n g % Loss i n 
( R P M ) Weight 
s.v. 3.0 
1 2 0 2 8 . 0 
2 0 0 3 5 . 1 
300 3 8 . 0 
4 0 0 3 8 . 6 
500 4 2 . 0 
HP Concentration 1.20 M , 
Length of s t i r r i n g rod 1 6 . 0 cm, 
Diapeter of s t i r r i n g rod.... 0.5 cm, 
Diameter of paddle 1.2 cm, 
Temperature 20^0. 
TABLE 7 
V a r i a t i o n i n the A/B Hydroxyl Peak Depth Ratio 
during Fluoride Attack. 
f o r K a o l i n i t e 
HF Concentration Temperature Reaction Time A/B Ratio 
(gm.mole/litre) (^c.) ( h r s . ) 
0.40 2 0 2 4 1 . 5 
0.40 2 0 1 2 0 1 . 5 
0.40 50 2 4 1 . 5 * 
0.40 50 7 2 1.0 
0.40 50 9 6 NB • 
0 . 8 0 2 0 2 4 1 o 4 
0.80 2 0 1 2 0 1 . 5 
0 . 8 0 50 2 4 1.3 • 
0 . 8 0 50 7 2 NB • 
1.20 2 0 7 2 1.2 
1.20 2 0 1 2 0 1 . 5 
1.20 50 4 1 . 5 
1.20 50 2 4 NB • 
1.60 2 0 2 1.6 
1.60 2 0 2 4 1 . 5 
1.60 50 4 1.4 
1.60 50 2 4 NB • . Broad band has appeared a t 3 4 0 0 cm. 
TABLE 8 
Dissolution of H-kaolinite i n Acid Sodium Fluoride Solutions, 
SOLUTION A 
Reaction 
Time 
( h r s j 
% Weight Gain 
per 1 0 0 mg. 
Concentration of 
Fluoride l o s t 
from Solution, 
(meqo /100 mg.) 
Concentration of 
Na2SiPg i n 
Solution. 
( m g c / 1 0 ml J 
1 2 4 2 4 4 8 7 2 9 6 1 2 0 1 6 8 2 4 0 
3 o 3 4 , 3 6 « 4 2 6 . 0 4 0 . 1 4 9 , 7 5 8 . 3 6 3 . 2 6 9 * 6 7 3 . 9 
0 . 0 5 0 . 1 1 0 o 2 0 1 . 1 7 1 . 8 6 2 . 2 7 2 . 6 2 2 . 8 2 3 . 1 2 4 . 0 8 
2 . 1 2 . 2 3 . 1 7 . 2 7 . 8 8 . 4 9 . 0 8 . 9 9 . 4 8 . 7 
^ ' ^ ^ V ^ i e * ^ i ^ - 5 9 . 5 3 3 - 2 4 7 . 9 5 8 . 1 6 7 . 3 7 2 . 1 7 9 . 0 8 4 . 6 
I n i t i a l pH.... 3 . 4 P i n a l pH.... 4 . 9 Temperature.... 20**C. 
Reaction 
Time 
(hrs.) 
% Weight Gain 
per 1 0 0 mg. 
Concentration of 
Fluoride l o s t 
from Solution 
(meq./lOO mg.) 
Concentration of 
Na SiFg i n 
Solution. 
(mgo/lO ml.) 
Corrected P 
Value ^ 
1 2 4 2 4 4 8 7 2 9 6 1 2 0 1 6 8 2 4 0 
5 . 0 1 1 . 0 1 9 . 1 4 3 . 4 5 7 . 6 6 3 . 2 7 6 . 3 6 8 . 4 7 3 . 4 8 3 . 5 
0 . 2 4 0 . 5 0 0 o 8 3 2 . 1 3 2 . 8 0 3 . 1 0 3 . 6 8 3 . 7 3 3 . 8 2 3 . 7 4 
2 . 6 3 . 1 3 . 4 1 2 . 5 1 4 . 6 2 4 . 3 
7 . 6 1 4 . 1 2 2 . 5 5 5 . 9 7 2 . 2 8 7 . 5 
I n i t i a l pHo... 3 . 4 F i n a l pH.... 5 . 2 Temperature,.,, 50^C, 
TABLE 9 
Dissolution of H-kaollnlte i n 
SOLUTION B 
Acid Sodium Fluoride 
and SOLUTION C 
Solutions o 
Reaction 
2 4 4 a 7 2 96 Time 1 2 4 1 2 0 1 6 8 2 4 0 
(hrso) 
% Weight Cain 
per 1 0 0 mgo 2 . 5 2 . 9 4 . 8 1 8 . 4 3 1 . 9 4 0 . 1 4 7 . 2 5 3 . 3 5 8 . 1 6 6 o 3 
Concentration of 
Fluoride l o s t 
0 o 1 2 0 . 1 4 0 . 1 9 0 . 8 8 2 . 4 6 from solution. 1 . 4 7 2 . 1 2 2 . 1 9 2 . 6 8 3 . 0 8 
(meqo /100 mgo) 
CoQcentration of 
Na^SlFg i n 
Soiutlono 1 . 5 1 . 9 2 o 5 5 . 8 8 . 2 8 . 5 9 . 4 9 . 8 9 . 0 9 . 0 
(mg,/lO E Q l o ) 
Corrected P 
4 o 0 4 o 8 4 0 . 1 4 8 . 6 5 6 . 6 Value ^ 7 . 3 2 4 o 2 6 3 . 1 6 7 . 1 7 5 o 3 
I n i t i a l pHo.o. 4 * J F i n a l pH.... 5 . 5 Temperatures 0 . , » 2 0^C. 
SOLUTION C 
Reaction 
Time 1 2 4 2 4 UB 7 2 96 1 2 0 1 6 8 2 4 0 
( h r S o ) 
% Weight Gain 
per 1 0 0 mgo 0 . 9 0 . 4 2 . 0 6 . 4 8 . 5 1 0 . 5 1 1 . 7 1 1 . 6 1 2 . 5 1 3 . 8 
Concentration of 
Fluox*ide l o s t 
0 . 0 3 0 . 0 7 0 . 2 6 0 . 4 6 0 . 5 1 f rcoiL Solution. O o l O 0 . 6 0 0 . 6 1 0 . 6 6 0 . 6 7 
( m e q o / 1 0 0 mgo) 
Concentration of 
Na^SlF^ i n 
Solution. 1 . 2 1 . 7 2 . 4 4 . 7 5 . 1 6 . 8 7 . 8 7 . 8 8 . 2 8 . 2 
( m g . / l O m l o ) 
Corrected P 
2 . 1 1 1 . 1 Value ^ 2 . 1 4 . 4 1 3 * 6 1 7 . 3 1 9 . 5 1 9 . 4 2 0 . 7 2 2 o 0 
I n i t i a l p H e o e . 5 « 0 P i n a l pHoo.o 7 . 0 Temperatureo « . . 2 0°C. 
TABLE 1 0 
V a r i a t i o n i n the Relative I n t e n s i t y Ratio 0 0 1 / 0 0 2 of K a o l i n i t e 
during the Reaction between K a o l i n i t e €ind Hydrofluoric Aoido 
Reaction Concentration 0 0 1 / 0 0 2 Reaction Concentration 0 0 1 / 0 0 2 
Time HP Time HP 
(hrso) (gm0moleo/litre) (hrso) (gm.molee/litre) 
1 0 . 4 0 0 . 9 6 1 0 . 4 0 0 . 9 4 
k OoifO 0 . 9 5 4 0 . 4 0 0 . 4 0 
2 4 0 o 4 0 0 . 9 5 2 4 0 . 4 0 0 . 2 6 
7 2 0 o 4 0 0 . 9 4 7 2 0 . 4 0 Amorp e 
1 6 8 0 . 4 0 0 . 8 5 1 6 8 0 . 4 0 Amorp. 
1 0 o 8 0 0 . 9 0 1 0 . 8 0 0 . 9 4 
4 0 . 8 0 0 . 8 2 4 0 . 8 0 0 . 5 5 
2 4 OoBO 0 . 8 0 2 4 0 . 8 0 0 . 2 2 
7 2 OoSO 0 . 5 6 7 2 0 . 8 0 Amorp. 
1 1 o 2 0 0 . 7 7 1 1 . 2 0 0 . 5 4 
4 1 o 2 0 0 . 4 5 4 1 . 2 0 0 o 5 4 
2 4 1 o 2 0 0 . 4 3 2 4 1 . 2 0 Amorp. 
7 2 1 o 2 0 0 . 2 2 7 2 1 . 2 0 Amoz*po 
1 1 o 6 0 0 . 7 3 1 1 . 6 0 0 . 2 0 
4 1 . 6 0 0 , 2 0 4 1 . 6 0 Amorp. 
2 4 1 . 6 0 • 2 4 1 . 6 0 Amorpo 
7 2 1 . 6 0 • 7 2 1 . 6 0 Amorp « 
Temperatureooooe 2 0 ^C* Temperature.oooo 50^Co 
Amorp.e eeeoe Specimon was amorphous to x» rays . 
• 
e • 
• o , o « Only the 0 0 2 basal r e f l e c t i o n of k a o l i n i t e present. 
TABLE 1 1 
Assignment of I n f r a r e d Absorption Bands i n the K a o l i n i t e Spectrum* 
Wavelength Wavenumbor Relat i v e Assignment Mode of Reference 
{ / A ) I n t e n s i t y V i b r a t i o n 
2o72 3 6 8 O ID OH f.,flto 6 B 30 07 88 
2 o 7 4 3 6 5 0 IDp sho OH H-bondoA ®® 00 70 
3 o l O 3 2 3 0 w^ido OH H-bondo ®^ a 8 68 70 
6 0 I O ^suo vwpbo Free H O PhySoAbSo 68 69 70 
8 o 9 3 1 1 2 0 s 0-Al-OH 71 72 
Si-O-Al 73 
9 o 1 0 1 1 0 0 s Si-O 69 70 73 73 
9 o 6 2 1 0 4 0 vs Si-O St . 71 73 
9 o 9 0 1 0 1 0 vs Si-O 71 73 
I O 0 6 5 9 4 0 IQpSh OH 67 60 
1 0 o 9 9 2 0 s OH 67 69 71 
1 2 o 5 8 0 0 m Si-O-Al 68 71 78 
1 3 « 2 7 6 0 m Si-O-Al 71 78 
Al-OH 7 1 perpoto GeLo 
78 
1 4 o 3 7 0 0 m Si-O 71 
vso.o Very strong absorption H—bond* e o Hydrogen bonding 
8 o.o Strong absorption perpo ooe Perpendicular 
m oeo Moderate absorption Go L# 000 Gibbsite l a y e r 
w 000 Weak absorption / 9 0 9 Between 
vwoo» Very weak absorption IJ • 0 • Layer 
stoeo Stretching ido 000 I l l - d e f i n e d 
shooo Shoulder f e e 0 Fundamental 
b 000 Broad absorption band PhySoAbso P h y s i c a l l y adsorbed 
TABLE 1 2 
V a r i a t i o n i n the Concentration of the Hydroxyl Absorption Band of 
Kao l i n i t e at 2 . 7 2 , u w i t h Reaction Time and with the Concentration of 
Fluoride l o s t from Solution.* 
Reaction F Concentration Optical OH Concentration OH ConcentratioE Time l o s t from Density i n the l o s t from the 
(hr s . ) 
the S o l i d Phase per 6 mgo So l i d Phase S o l i d Phase (meq./lOO mg .) of S o l i d ( meq . /6 mg (meq./lOO mg.) 
0 0 . 0 0 0 . 2 2 0 0 . 0 9 3 0 . 0 0 
2 4 1 o 1 7 0 , 1 4 6 0 . 0 6 6 0 . 4 5 
7 2 2 o 2 7 0 . 1 0 5 0 . 0 5 2 0 . 6 8 
1 2 0 2 . 8 2 0 . 0 6 8 0 . 0 3 9 0 . 9 0 
1 6 8 3 o 1 2 0 . 0 8 3 0 . 0 4 4 0 . 8 2 
2 4 0 4 . 0 8 0 . 0 6 1 0 . 0 3 7 0 . 9 3 
TEMPERATURE 2 0°C. 
2 4 2 . 1 3 0 . 1 2 5 0 . 0 5 8 0 . 7 5 
2 4 0 3 o 8 2 0 . 0 3 5 0 . 0 2 8 1 . 0 8 
TEMPERATURE . o 5 0 ° C o 
• The study was c a r r i e d out with the strongest a c i d sodium f l u o r i d e solution. Namely, SOLUTION A. 
TABLE 1 3 
X-Ray D i f f r a c t i o n Data on the Reaotion between K a o l l n l t e and 
a Neutral Sodium Fluoride Solution, Reaction Time of 3 months 
a t Room Temperature. 
Original k a o l i n i t e ^ Treated k a o l i n i t e 
d («A) d (^A) Assignment 
7 . 1 2 1 0 0 7 . 1 2 84 
4 . 4 3 1 9 4 . 4 3 6 
4 . 3 2 26 4 . 3 2 8 
4 . 0 5 7 .... . •. • - 3.87 6 
3.82 1 9 . » . e 
3.72 9 e . e e 
3.57 68 3.57 1 0 0 
3.34 8 3.34 6 b S» + K 
3.09 3 3.09 6 .... 2.75 25 C 
2 . 5 3 9 2.53 6 
2 . 4 9 1 5 2.49 6 
2 . 3 8 8 .... «... 2 o 3 6 2 5 C 
2 . 3 3 24 2 . 3 3 1 2 
2.28 1 6 2,28 1 4 b S» + K 
2.18 •3 .... 
2 . 0 6 12 e e 0 o 
1 . 9 9 8 1 . 9 9 6 .... 1.93 1 4 C 
1.84 3 .... .... 1.80 1 4 b 
1 . 7 8 3 » o « e 
1 . 6 5 1 0 
1 . 6 1 5 
b... Broad peak C • . « C r y o l i t e K.. .. K a o l i n i t e 
Possible S « o • Sodium s i l i o o f l u o r l d e s . o . S i l i c a 
TABLE 1 4 
Dissolution of Potash-Felspar i n Hydrofluoric Aoido Results a t 
2(fC and 3CPCo 
Reaction % Loss i n % Residue Fluoidde l o s t Potassium S i l i c a i n 
Time Weight from i n Solution as 
(hrs) Solution Solution H^SiF^ 
(meq./lOO mg.) (meq./lO ml (mgl/lO ml.) 
X 1 0 " = ) 
1 7 a 3 9 2 . 7 0 . 0 5 O0IO 9 . 5 
2 9 o 3 9 0 . 7 0 . 0 8 0 . 1 3 1 0 . 8 
4 1 0 . 9 8 9 . 1 0 . 0 8 0 . 1 5 1 2 . 3 
2 4 I606 8 3 o 4 0 . 2 8 4 o 5 2 1 6 . 7 
4 6 1 8 o 7 8 1 . 3 0 . 3 1 4 o 4 0 1 5 o 2 
7 2 2 2 o 2 7 7 . 8 0 . 3 1 5 o 4 0 1 6 . 3 
9 6 2 3 ^ 9 7 6 . 1 0 . 3 6 5 . 8 5 1 8 . 4 
1 2 0 2 3 . 4 7 6 0 6 ' 0 . 3 1 5 . 4 0 1 7 . 5 
1 6 8 25< .7 7 4 . 3 0 . 4 6 5 . 2 3 1 7 . 5 
2 4 0 31 o 9 6 8 o t 0 . 5 6 6 . 6 2 1 9 o 0 
T e m p e r a t u r e . 0 20**C. 
1 8 . 9 9 1 . 1 0 . 1 1 0 . 1 4 1 0 . 4 
2 1 0 . 8 8 9 . 2 0 . 0 6 3 . 5 0 1 1 . 6 
4 1 1 . 4 8 8 . 6 0 . 1 8 4 . 0 0 I I 0 6 
2 4 1 8 . 8 8 1 . 2 0 . 2 6 7 . 1 1 4 . 5 
4 B 2 3 c 9 7 6 . 1 0 o 2 3 • 7 . 3 1 6 . 7 
7 2 3 1 . 5 6 8 . 5 • 7 . 0 1 8 « 0 
9 6 3 2 . 5 6 7 o 5 • 7 o 5 1 8 . 4 
1 2 0 3 3 . 8 6 6 . 2 • 7 . 8 1 9 . 8 
1 6 8 4 1 0 I 5 8 o 9 • 6 . 8 1 9 . 8 
2 4 0 4 3 o 1 5 6 . 9 • 7 . 0 2 2 . 0 
Temperature.,.. 5 0 ^ 0 . 
* Fluoride r e s u l t s u n r e l i a b l e due to ion int e r f e r e n c e . 
HF Concentration 0 . 4 0 M. 
TABLE 1 5 
Dissolution of Potash-Felspar i n Acid Sodium Fluoride Solutions. 
- SOLUTION A 
Reaction P Fluoride l o s t Potassium S i l i c a i n Coirected 
Time S from i n Solution P 
(hrs.) (%) Solution Solution as g 
(meq . / l O O mg.) (meq . / l O ml. Na S I F , Value 
X 1 0 - ' ) (mg:/10*'ml.) {%) 
1 1 . 0 0 o 2 2 O o 9 2 6 . 4 7 . 4 
2 2 . 1 0 o 3 2 1 . 1 8 7 . 0 9 . 1 
4 5 . 0 0 . 4 7 1 . 5 9 7 . 4 1 2 . 4 
2 4 1 3 . 4 0 . 9 3 3 . 5 4 8 . 2 2 1 . 6 
4 8 2 3 o 5 1 . 4 7 5 . 5 5 8 . 1 3 1 . 6 
7 2 2 9 . 4 1 . 8 0 6 . 7 0 8 . 1 3 7 . 5 
9 6 3 3 . 3 1 . 9 5 7 . 1 5 7 . 8 4 1 . 1 
1 2 0 3 6 . 9 2 . 1 7 7 . 5 5 7 . 8 4 4 . 7 
1 6 8 4 0 . 7 2 . 3 5 9 . 7 0 8 . 1 . 4 8 . 8 
2 4 0 4 7 . 5 2 . 6 7 1 1 . 1 0 7 . 8 5 5 . 3 
I n i t i a l pH . o o . 3 . 4 Temperature.00 . 2 0^C. F i n a l pH.. e o 4 . 9 
1 t . 7 0 . 3 5 0 . 8 5 7 . 0 8 . 7 
2 3 o 9 0 . 5 5 1 . 5 7 7 . 5 1 1 . 4 
4 6 . 8 O o 7 0 1 . 8 5 1 0 . 1 1 6 . 9 
2 4 2 0 . 5 1 . 6 2 8 . 1 2 2 0 . 6 4 1 . 1 
4 8 3 0 o 4 2 o 5 0 1 1 o 4 0 1 8 . 3 4 3 . 7 
7 2 3 6 . 1 2 o 7 5 1 2 . 8 0 1 7 . 4 5 3 . 5 
9 6 ' 3 9 . 9 2 o 9 7 1 3 . 4 1 3 . 6 5 3 . 5 
1 2 0 4 3 . 0 3 . 5 2 1 3 . 4 1 3 . 3 5 6 . 3 
1 6 8 4 7 . 3 3 o 5 2 1 5 . 1 1 8 . 0 6 5 . 3 
2 4 0 i f B . 4 3 . 1 0 1 5 . 1 1 5 o 0 6 5 . 4 
I n i t i a l p H o . . . 3 o 4 Temperature.0«o 5 0 ^ 0 . P i n a l p H o . o o 4 . 9 
TABLE 1 6 
X-Ray D i f f r a c t i o n Data on the Reaction between Potash-Felspar and 
Acid Sodium Fluoride Solutions. Reaction Time of 2 i * 0 Hours f o r 
Both Samples. 
SOLUTION- A 
Original F e l s p a r Treated Felspar Treated F e l s p a r 
d (°A) 
( 2 0 P C . ) ( 5 0 ° C j 
Assignment d (°A) l / l ^ Assignment 
e e o . o o o o 4 . 9 6 ^ 1 0 P 
e o o e 4 . 5 4 6 C 4 o 5 4 21 C 
• o . o 4 . 5 2 1 3 C 4 o 5 2 3 4 C 
o e o 6 o o o o 4 . 3 3 6 
4 . 2 4 2 0 O o o o O 9 O . 
4 . 2 2 3 5 4 . 2 2 4 3 F • S 4 « 2 2 5 5 P + S 
. e e 0 9 o e . 3 . 9 8 1 3 
o . 0 o 3 . 9 1 8 C 3 . 9 1 3 5 C 
3 . 8 1 1 3 3 . 8 1 5 3 . 8 1 1,6 
o . o e . D O . 3 . 7 4 1 0 
3 . 4 6 3 5 3 . 4 6 2 3 . 4 6 1 8 
e . 0 o 3 o 3 4 1 0 0 S 3 . 3 4 3 8 s 
3 . 3 2 3 0 O O O 0 .... 
3 . 2 8 5 0 9 o 0 e 3 . 2 8 3 6 
3 . 2 6 5 8 o o o . o . . o 
3 . 2 3 1 0 0 3 o 2 3 3 7 3 o 2 3 1 0 0 .... 3 o 0 4 2 8 P 3 o 0 4 4 0 p 
3 . 0 1 1 3 o o o o 3 o 0 1 9 
2 . 9 5 1 3 2 . 9 5 7 2 . 9 5 1 5 
2 . 8 9 1 7 O 0 o o 2 . 8 9 21 
. . o o O . O O 2 . 7 8 1 6 
o o e o 2 . 7 5 6 c 2 . 7 5 3 4 c 
o o . o o o o o 2 a 6 1 5 
. o e o 9 O O O 2<,51 1 0 
o o . o 2 o 4 2 4 P 2 . 4 2 8 p 
0 e o o 2 . 3 4 4 c 2 o 3 4 5 c 
. o o O 2 o 3 0 7 c 2 o 3 0 2 2 c 
o o o . 2 . 2 6 1 0 s 2 . 2 6 5 0 s 
2 . 1 3 1 2 2 . 1 3 6 F • P* 2 . 1 3 2 6 p + p 
O 9 O . o e o o 1 . 9 8 7 .... 1 . 9 4 1 0 c 1 . 9 4 4 0 c .... O O O O 1 . 9 0 21 
1 . 7 9 1 0 1 . 7 9 8 P + s» 1 . 7 9 6 0 P • s 
• e • • o o o o 1 . 7 1 5 p 
e . 0 o o e o . 1 . 6 6 1 3 p 
• o o e 1 . 5 9 3 c 1 . 5 9 2 5 c 
o o o o .... 1 . 5 6 1 7 c 
C o . . C r y o l i t e P.. . Fels p a r P. o . K^AlPg S..O Na^SiPg • Possible 
TABLE 1 7 
Dissolution of Muscovite i n Hydrofluoric Acid. Results a t 
20** C and 50*^00 
Reaction % Loss i n % Residue Fluoride l o s t Potassium S i l i c a i n 
Time Weight from i n Solution as 
( V i T t a ^ Solution Solution H^SiF. V nrs o) ( m e q o / 1 0 0 mg.) ( m e q o / 1 0 mlo (mgf / 1 0 mlo, 
X 1 0 - * ) 
1 8 c 1 91 o 9 . 0 . 1 3 O o 9 8 6 o 9 
2 9 o 3 9 0 o 7 0 . 1 8 1 . 0 2 7 . 5 
4 1 0 o 8 8 9 o 2 0 . 1 8 I 0 I 5 8 . 6 
2 4 1 5 o 4 8 4 o 6 0 o 3 6 1 o 5 0 9 . 6 
4 6 1 8 o 6 8 1 o 4 O o 3 8 2 o 2 6 I I 0 O 
7 2 2 0 o 3 7 9 o 7 O o 3 8 2 o 5 6 1 2 o 3 
9 6 2 2 . 5 7 7 . 5 0 o 4 1 3 o 0 8 1 3 . 0 
1 2 0 2 5 o 3 7 4 o 7 0 o 3 6 3 o 3 9 1 3 o 3 
1 6 8 2 7 o 3 7 2 o 7 0 o 4 6 4 o 1 0 l 3 o 8 
2 4 0 3 0 o 4 6 9 o 6 0 o 5 1 4 . 3 6 1 3 o 2 
Temperature, o o o 20**C. 
1 1 1 o 0 8 9 . 0 O o 2 3 O o 9 8 9 . 4 
2 1 2 * 2 8 7 o 8 O o 2 5 I 0 O 9 I O 0 I 
4 1 3 o 6 8 6 o 4 0 . 2 8 1 « 1 7 1 0 o 9 
2 4 2 0 e 6 7 9 o 4 O o 3 6 1 o 5 6 1 1 o 5 
4 8 2 4 ^ 5 7 5 . 5 0 o 4 1 1 . 8 7 I 6 0 O 
7 2 2 7 . 2 7 2 o 8 0 o 4 8 3 . 0 8 1 3 o 8 
9 6 31 o 3 6 8 o 7 O o 5 3 4 o 8 0 1 5 o 7 
1 2 0 3 5 o 3 6 4 c , 7 O 0 6 3 5 o 7 5 1 6 . 7 
1 6 8 4 0 o O 6 0 o O 0 o 7 1 6 « 3 6 1 5 o 4 
2 4 0 4 6 o 1 5 3 o 9 O o 7 3 7 . 3 5 1 6 0 O 
Temperatureoooo 5 0 ^C. 
HF Concentration O o 4 0 M. 
TABLE 18 
X-Ray D i f f r a c t i o n Data on the Reaction between Muscovite and 
Hydrofluoric Acido Reaction Time of 2 4 0 Hours f o r Both Samples, 
Oz^iginal Muscovite Treated Muscovite Treated Muscovite 
d (°A) 
(20^ a) 
d (°A) I / I ^ Assignment d (^'a) 1/1 Assignment 
0 
1 0 . 0 8 6 1 0 . 0 1 0 0 1 0 . 0 8 3 
7.12 2 3 o 0 o e 0 0 O 0 
4 o 9 6 5 4 4.96 61 M - I - P 4.96 4 6 M + P» 
0 0 O 0 4.52 2 0 0 O 0 
e a e e 3.68 4 V 0 • a 
3.58 2 3 O O 0 o 0 0 e D 
o o e 0 3 o 4 8 4 . e e 4 
5o32 1 0 0 3 o 3 2 8 8 3.32 1 0 0 
« e o o 3 o 2 1 4 O e o o 
3 . 0 0 4 3 . 0 0 5 M + P» 3 . 0 0 2 
2 . 8 7 2 2 . 8 7 4 2.87 4 
2 . 7 9 2 2 o 7 9 4 O a e e 
2 . 5 6 2 2 b 5 6 5 2 . 5 6 2 
2.48 28 2 o 4 8 3 5 b M + P 2.48 24 b M + P» 
2 . 3 7 2 2 o 3 7 2 o e o o 
1 . 9 9 78 1 . 9 9 76 1 . 9 9 7 4 
o o o . l o 7 4 2 e e o o 
1 . 7 1 5 1.71 5 1.71 2 
1 . 6 9 4 1 . 6 9 3 O . 0 0 
M.oo Muscovite P.. . K^AIF^ * Possible 
TABLE 19 
Dissolution of Muscovite i n Acid Sodium Fluoride Solutions, 
SOLUTION A -
Reaction P Fluoride l o s t Potassium S i l i c a i n Corrected 
Time from i n Solution P 
( h r s o ) i%) Solution Solution as g 
(meq./lOO mg.) (meqo/10 ml. Na S i P ^ ' 
X 1 0 - ' ) ( m g . ^ l O m S . ) 
Value 
i%) 
1 3 . 4 Oo35 0.56 3 . 1 6 . 5 
2 4 . 3 0o48 0 . 5 3 3 . 7 8.0 
4 6.0 0 . 5 0 0.60 3 . 9 9 . 9 
2 4 10.2 0 . 7 3 0.87 6.0 1 6 . 2 
kS 1 3 . 5 0.85 1 . 0 7 6 . 9 2 0 . 4 
72 1 7 . 5 1.08 1 . 6 4 7 . 5 2 5 . 0 
96 1 7 . 2 1 . 1 5 1.27 7 . 9 25.1 
1 20 20o0 1.20 1 . 2 7 7 . 5 2 7 . 5 
168 22o8 1 . 3 3 1 . 2 7 7 . 7 3 0 . 5 
2 4 0 2 3 . 5 1 . 4 5 1 . 3 5 7 . 7 3 1 . 2 
I n i t i a l pH e 9 o o 3 . 4 Temperatiu-eo... 20^C. F i n a l pH. © 0 o 4 . 7 
1 5 . 9 0 . 5 5 0.64 4 . 7 1 0 . 6 
2 8.0 0.38 0.69 7.1 1 5 . 1 
4 1 0 . 6 0 . 5 0 0.87 7 . 5 1 8 , 1 
2 4 2 0 . 6 1.00 1 . 3 5 1 0 . 7 31 o 3 
4 8 2 2 . 5 1 . 5 0 1.64 1 3 . 8 3 6 . 3 
72 25o9 1.68 1 . 8 0 1 1 . 7 3 7 , 6 
96 27o2 1.40 3 . 4 9 1 4 . 8 
120 3 0 . 8 1.60 3 . 7 0 1 5 . 9 4 6 , 7 
168 3 3 « 2 1 . 7 3 4 . 1 0 1 3 . 8 4 7 . 0 
240 3 6 . 4 1.88 4 . 5 0 16.1 5 0 , 5 
I n i t i a l p H o o o e 3.4 Temperature.... 5 0 ^ C . F i n a l pH. o . o 4.9 
TABLE 2 0 
X-Ray D i f f r a c t i o n Data on the Reaction between Muscovite and 
Acid Sodium Fluoride Solutions. Reaction Time of 2 4 0 Hours 
f o r Both S o l i d s . 
SOLUTION A 
Original Muscovite Treated Muscovite Treated Muscovite 
d (°A) d (*^ A) 
( 2 0 P C . ) ( 5 0^C.) 
Assignment d (^ 'A) Assignment 
1 0 . 0 8 6 1 0 . 0 1 0 0 1 0 . 0 8 8 
7 . 1 2 2 3 7 . 1 2 9 7 . 1 2 4 
4 . 9 6 5 4 4 . 9 6 4 8 4 . 9 6 5 6 
O . O O e . o « 4 . 6 0 8 
o . o o 4 . 5 2 4 C 4 . 5 2 8 C 
e « e o 3 o 9 0 4 C 3 o 9 0 8 c 
3 . 5 8 2 3 3 o 5 8 6 3 . 5 8 4 
. 0 o o 3 . 4 9 2 « . . . 
3 . 3 2 1 0 0 3 . 3 2 9 7 M 4 3 3 . 3 2 1 0 0 M - I - S 
. e 0 o 3 . 2 1 2 3 . 2 1 4 
3 . 0 0 4 3 « 0 0 6 M + P 3 . 0 0 4 M • P* 
2 . 8 7 2 2 o 8 7 4 2 . 8 7 4 
2 . 7 9 2 2 e 7 9 4 2 . 7 9 6 
. . . . 2 o 7 5 4 C 2 . 7 5 1 0 C 
2 . 5 6 2 2 o 5 6 6 2 . 5 6 6 
2 . 4 8 2 8 2 . 4 8 2 4 M + P« 2 . 4 8 3 2 M -f. P 
2 . 3 7 2 . . . . e o ' . ' . 
. 0 • . 2 . 3 0 2 2 o 3 0 4 
o e e 0 2 . 2 5 2 2 . 2 5 4 
o • e . 2 . 1 2 2 P» 2 . 1 2 2 P» 
1 . 9 9 7 8 1 . 9 9 6 4 1 . 9 9 8 5 
o 0 a tt 1 . 9 7 2 o o o e 
. . . . 1 . 9 4 4 C 1 . 9 4 1 2 C 
o . o e o e o o 1 . 8 9 2 b 
. . . . 1 . 8 0 2 b s 1 . 8 0 3 b S 
1 . 7 8 2 o . . o « . o o 
. e « e 1 . 7 4 2 1 . 7 4 4 
1 . 7 1 5 1 . 7 1 6 1 . 7 1 6 
1 . 6 9 4 1 . 6 9 2 1 . 6 9 4 
o o . o 1 . 6 2 2 b . e o o 
o e e o 1 . 5 9 4 C 1 . 5 9 6 C 
1 . 5 2 2 1 . 5 2 2 b 1 . 5 2 2 b 
C... C r y o l i t e M... Muscovite P. . . K y O F ^ S. Na^SiPg 
b... Broad peak * Possible 
TABLE 21 
Assignment of Infr a r e d Absorption Bands i n the Muscovite Spectrum. 
Wavelength Wavenumber Relat i v e Assignment Mode of Reference 
( /A) I n t e n s i t y V i b r a t i o n 
2 o 7 4 3 6 5 0 m,aho OH 84 68 67 68 
2o76 3 6 2 0 m OH 76 
3 o 3 0 3 0 3 0 w,id H^bondo 76 
3 . 7 0 2 7 0 0 vw 
6 . 1 0 1 6 4 0 vwpb Free H^ O Phys.Abs. ®* 68 60 70 
6 . 9 4 1 4 4 0 vwpid. 
7 . 0 0 1 4 3 0 w 
9 . 6 2 1 0 4 0 vs Si-O S t . 71 73 76 
1 0 . 6 5 9 4 0 s , 8 h . i d . 0 H 67 60 76 
1 0 . 9 9 2 0 s OH 67 60 71 78 
1 1 . 9 8 4 0 m 
1 2 . 4 8 0 5 m Si-O-Al 71 7 0 76 
1 3 . 2 7 5 5 m Si - 0»A1 71 78 70 
1 4 o 3 7 0 0 m Si-O 71 78 76 
v s o o o Very strong absorption H—bond.0. Hydrogen bonding 
s o.o Strong absorption id» 000 I l l - d e f i n e d 
m ooo Moderate absorpti on she 0 e. Shoxilder 
w ... Weak absorption b e e 0 Broad absorption band 
vwo.o Very jnak absorption Phys.Abs. P h y s i c a l l y adorbed 
TABLE 22 
Var i a t i o n i n the Concentration of the Hydroxyl Absorption Band of 
Muscovite at 2.76i4with Reaction Time and with the Concentration of 
Fluoride l o s t from Solution 
Reaction P Concentration 
Time l o s t from 
the S o l i d Phase 
(hrs.) ' (meq./lOO mg.) 
Optical OH Concentration 
Density i n the 
p e r I ^ mgo S o l i d Phase 
of S o l i d (meq , / l 8 mg^) 
OH Concentration 
l o s t from the-
S o l i d Phase 
(meq./lOO mg.) 
0 
2 
72 
240 
0.00 
0,18 
0 . 3 8 
0 . 5 1 
0.269 
0 . 2 6 2 
0.24B 
0.243 
0.090 
0.086 
0.082 
0.081 
0 . 0 0 
0,02 
0,04 
0,05 
HP Concentration 0.40 M. Temperature. ... 20*^0. 
2 
72 
240 
0 . 2 5 
0.4B 
0 . 7 3 
0.24B 
0.280 • 
0.082 
0.092* • 
0.04 o 
• 
HP. Concentration 0.40 M. Temperature. ... 50°C. 
2 
72 
240 
0.48 
1.08 
1 . 4 5 
0.24B 
^ 0 . 2 1 7 
0 . 1 7 9 
0.082 
0 . 0 7 3 
0 . 0 6 1 
0.04 
0.09 
0.16 
SOLUTION A ( a c i d sodium.fluoride) Temperature. ... 20°C. 
2 
72 
240 
0 . 3 8 
1.68 
1.88 
0 . 2 5 3 
0.166 
0 . 1 3 9 
0.084 
0.057 
0.049 
0 . 0 3 
0.18 
0 . 2 3 
SOLUTION A ( a c i d sodium f l u o r i d e ) Temperature, • . 0 5 0 ^ C . 
* Unreliable OH determination due to the disappearance of the 
2 . 7 4 / i ( s h o u l d e r ) absorption band. 
TABLE 2 3 
X-Ray D i f f r a c t i o n Data on the Reaction between K a o l i n i t e and 
Hydrogen Fluoride Vapour. Reaction Time of 3 3 Days at Room 
Temperature and under Reduced Pressure. 
•'Closed-system'' 
O r i g i n a l K a o l i n i t e Treated K a o l i n i t e 
d-CA) d (°A) 
e . e e 7.40 2 6 
7 . 1 2 100 7 . 1 2 60 
.,. O .w 5.76 6 
o « o o 5 . 3 8 2 0 
o o o . 5.04 6 
o • . a 4.92 8 .... 4 . 6 4 1 0 0 
4 . 4 3 1 9 4 . 4 3 8 
4 . 3 2 2 6 4 . 3 2 8 
4 . 0 3 7 4 . 0 3 4 5 .... 3.87 1 5 1) 
3.72 9 o e o o 
3 . 5 7 6 8 3 . 5 7 76 
3 . 3 4 8 .... 
3 . 0 9 3 .... .... 3.04 8 b .... 2 . 6 8 10 
2 . 5 3 9 2 . 5 3 5 4 
2 . 4 9 1 5 . o o . .... 2.44 8 b 
2 . 3 8 8 2 . 3 8 11 
2 . 3 3 2 4 2 . 3 3 8 
2.28 1 6 2.28 8 .... 2.22 8 
2.18 3 .... 
2 . 0 6 12 2 . 0 6 8 
1.99 8 1.99 10 
1.84 3 1.84 27 
1.78 3 1.78 8 
1 . 6 5 10 1 . 6 5 10 
1.61 5 1.61 1 5 
b. O . Broad peak 
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